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Editorial 


The Work of Breathing 


ticular interest to physiologist and clini- 

cian alike, has been intensively investi- 
gated in recent years and its relation to a variety 
of clinical problems brought into focus. Such 
studies have clarified some of the patho- 
physiologic mechanisms involved in mitral 
stenosis, pulmonary emphysema and other 
diseases and further have helped to clarify the 
therapeutic requirements. 

Measurement of the Work of Breathing. The 
work of breathing has been delineated by two 
separate lines of investigation, (1) measure- 
ment of the total energy required for breathing 
as reflected in the oxygen utilized and (2) cal- 
culation of the mechanical work from the 
transpulmonary pressure developed for given 
tidal volumes. 

The oxygen cost of breathing may be estimated by 
measuring oxygen utilized for quiet breathing 
and for hyperventilation. In normal man 
increase in oxygen utilization for small increases 
in ventilation is minimal and gives an estimate 
of the oxygen consumption per liter of ventilation 
at rest. Data collected with careful attention to 
steady state measurements establish that the 
oxygen cost of breathing at rest is about 0.5 cc. 
per liter of ventilation (about 2 per cent of rest- 
ing oxygen consumption in normal man). With 
hyperventilation, oxygen utilization increases, 
slowly at first, then markedly to reach values of 
10 to 15 cc. of oxygen consumed per liter in- 
crease in ventilation at 60 to 90 liters of ventila- 
tion per minute. Cournand and co-workers have 
demonstrated ‘that the oxygen cost of hyperp- 
nea is ‘greater than normal in patients with 
chronic pulmonary emphysema, diffuse pul- 
monary granulomatosis and mitral stenosis with 


T: work of breathing, a subject of par- 


chronic pulmonary congestion but not in a case 
with mitral stenosis without chronic pulmonary 
congestion. The high resting oxygen consumption 
of patients with diffuse pulmonary fibrosis or 
granulomatosis is due to increased oxygen re- 
quired for respiration rather than to a systemic 
hypermetabolic state. 

In considering the mechanical work of breathing, 


'we might first take into account the resistances 


which are overcome during breathing. These 
include the elastic resistance of the lung and 
chest wall; non-elastic tissue resistance, due to 
friction of abdominal and thoracic viscera during 
respiration as well as tissue viscance developed in 
deformation of tissues during respiration; and 
airway resistance, the resistance offered by the 
bronchopulmonary tree to air flow and the 
resistance developed due to the viscosity and 
turbulence of the gas. An additional factor, the 
inertia of the system, has been found to be very 
small. Another factor, the surface tension within 
the bronchopulmonary tree, becomes important 
in pathologic conditions such as atelectasis; 
an opening pressure must be developed to over- 
come the surface tension before air flow will 
occur during respiration. 

Theoretical analysis as well as experimental 
observations have made possible an understand- 
ing of the factors which influence the magnitude 
of these resistances, and, in turn, the effect of 
these resistances on respiration in normal and 
pathologic states. The mechanical work of 
breathing may be estimated by several methods. 
Construction of pressure-volume curves for 
differing tidal volumes, using the Drinker 
respirator and passive ventilation, makes 
possible measurement of the total mechanical 
work of respiration. Pressure-volume curves 
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derived from measurement of tidal volume and 
of transpulmonary pressure, i.e., the difference 
between the mouth pressure and that in the 
pleural space or at a selected level in the 
esophagus (as a reflection of intrapleural pres- 
sure), do not include the work done against the 
elastic resistance or non-elastic tissue resistance 
of the chest wall. The latter technic is the one 
most commonly employed. 

Pulmonary Elastance and Compliance. Pulmo- 
nary elastance is the pressure required for a 
given volume displacement of the lung from 
relaxation volume, and may be expressed in the 
formula: 

P = KV 


where P is the pressure developed for the dis- 
placed volume, V. K is the elastance expressed 
in units of P/V and is estimated by measurement 
of the transpulmonic pressure developed at the 
end of inspiration when airflow has stopped. 
In practice, the reciprocal of the elastance is 
commonly used to express the “stretchability”’ 
of the lungs. Contrary to common usage, a 
decrease in elastance means a more stretchable, 
less rigid lung. The term pulmonary compliance 
avoids confusion. A loss in compliance is 
evidence of a less “compliant” (less “‘stretch- 
able’), more rigid lung. Normally, compliance 
is about 0.22 L. per cm. of water pressure. 
Work done against elastic resistance is a func- 
tion of the degree of distention of the lungs and is 
increased to values greater than normal in 
patients who have less compliant lungs. 
Pulmonary Airway Resistance. From the pres- 
sure-volume curve, pulmonary airway resistance 
can be calculated. Normally it is 1.7 cm. of water 
per L. per second. This resistance is a function 
not only of the diameter of the pulmonary air- 
ways but depends also on the physical proper- 
ties of the gas and the nature of its flow. Pres- 
sure required for laminar airflow is dependent 
on the velocity of flow, and a factor related to the 


viscosity of the gas 
P = K’V 


where P = the pressure required to overcome 
the resistance due to air viscance (K’) for vol- 
ume flow (V). Pressure required for turbulent 
flow is proportional to the square of volume 
flow times a constant related to the density of 
the gas: 

P = K’V? 
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In an irregular branching system, such as the 
tracheobronchopulmonary tree, turbulence plays 
a significant role, particularly at high rates of 
flow. Obstruction of inflammatory, spastic, 
neoplastic or exudative origin increases the 
turbulence considerably. 

Optimum Respiratory Frequency for Minimum 
Work of Breathing. Since pressure X volume 
equals work, total mechanical work of breathing 
may be obtained cartographically from the 
pressure-volume loop, or from a formula incor- 
porating the pressure equations cited. Using 
the intra-esophageal pressure technic, the 
mechanical work done during quiet breathing 
is about 0.3 to 0.7 kg. M/min. For a given 
alveolar ventilation, at slow rates of ventilation, 
work done against elastic resistance comprises 
most of this work of breathing. As frequency 
increases, distention of the lungs is diminished 
and, since the elastic work increases as the square 
of the increase in volume, there is a marked fall 
in work done against elastic resistance for more 
shallow tidal volumes. More rapid respiration, 
however, produces an increase in work done 
against viscous and turbulent air resistance. 
Summation of the work curves for the various 
components gives a total work of breathing 
curve for a given alveolar ventilation which is 
high at low respiratory frequencies, falls to a 
minimum and rises again at higher respiratory 
frequencies when pulmonary airway resistance 
increases. This minimum point is the optimum 
frequency for minimum work of breathing. 
These facts were theoretically suggested by 
Rohrer and formulated by Otis, Fenn and 
Rahn. In normal man, Marshall, McIlroy and 
Christie found that elastic work during quiet 
breathing is about 68 per cent of the total work 
of breathing and the optimum frequency is 
about 15 per minute for an alveolar ventilation 
of 7.6 L. per minute (with a dead space of 
210 cc.). They further demonstrated that in 
normal man the frequency of respiration 
spontaneously chosen by the subject was 
optimal for minimum respiratory work both at 
rest and for the frequency chosen during ~ 
exercise. 

In pathologic states in which the coefficient of 
elastic resistance is increased it would be ex- 
pected that the optimum frequency of respira- 
tion at rest would be more rapid in order to 
minimize the work done against elastic resist- 
ance. This has been experimentally verified by 
Marshall, McIlroy and Christie in patients with 
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mitral stenosis not only during rest and exercise 
but for the recumbent position as well. These 
authors suggest that analysis of the data with 
respect to optimum frequency for minimum 
work “offers a teleologic explanation for the 
rapid and shallow breathing of heart disease.”’ 
Such considerations probably apply to other 
conditions with increased rigidity of the lungs, 
such as interstitial fibrosis and granulomatosis, 
certain cases of Boeck’s sarcoid, pulmonary 
beryllosis, lymphangitic carcinomatosis of the 
lung, and so on. Studies in normal man of the 
oxygen cost of hyperventilation support this 
concept of minimum work. Analysis of oxygen 
utilization versus ventilation curves reveals that 
at low ventilation volumes more oxygen is 
required for breathing at a frequency of 30 per 
minute compared to 20 per minute, while 
at high ventilation volumes the reverse is true. 
Mechanics of Breathing in Pathologic States. 
Measurements in patients with mitral stenosis 
and pulmonary emphysema have demonstrated 
an increased work of breathing. Not only is 
more oxygen utilized (total energy requirement), 
as already noted, but the mechanical work done 
is greater (Christie et al.). Analysis of the com- 
ponent factors responsible for this increased 
work of breathing has helped elucidate some 
physiologic mechanisms in disease. It has been 
demonstrated that pulmonary compliance cor- 
relates directly with vital capacity, body height 
and surface area. Pulmonary resistance varies 
inversely with and is less significantly related to 
these measurements. In patients with rheumatic 
heart disease in whom mitral stenosis is the 
predominant valvular lesion the pulmonary 
compliance is significantly reduced. While 
this reduction has been noted in patients with 
rheumatic heart disease with or without heart 
failure, the reduction is much greater in those 
with heart failure. Reduction in compliance 
may be present in patients who have no signifi- 
cant disability and for whom _ conventional 
ventilatory tests give normal results. Pulmonary 
resistance is increased only slightly, the increase 
being more marked when congestive heart fail- 
ure is present. These changes may be found with 
no significant abnormalities demonstrable in 
conventional ventilatory tests (for example, 
maximum breathing capacity or timed vital 
capacity). In pulmonary emphysema there is 
often a considerable increase in 
resistance, compliance being altered to a lesser 
extent. This confirms the conclusion drawn from 
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conventional ventilatory tests that airway 
obstruction is a major problem in emphysema. 
Caution should be used in speaking of emphy- 
sema as a disease of “‘loss of elasticity of the 
lungs.’’ While the role of bronchial obstruction in 
this disease is very important it is not the sole 
cause for the increase in non-elastic resistance, 
as indicated by the studies of Christie and 
McIlroy using hydrogen in inspired gas. This 
gas, much less dense than ambient air, tends to 
reduce the turbulent resistance. The persistence 
of increased airway resistance under these 
circumstances suggests that a change in the 
visco-elastic properties of the lung must have 
taken place. 

It is of considerable interest that not only is 
pulmonary compliance altered in diseases such 
as mitral stenosis and congestive heart failure, 
in which increased lung rigidity is a familiar 
pathologic finding, but also in patients recover- 
ing from poliomyelitis with respiratory paralysis 
and in normal man under the influence of 
general anesthesia and neuromuscular blocking 


agents. This loss of compliance may limit the 


effectiveness of artificial ventilation in such 
patients. 

Work of Breathing in Relation to Dyspnea. Un- 
fortunately, despite this new information the | 
mechanisms of dyspnea are still obscure. From 
the studies of the oxygen cost of hyperpnea in 
normal man and in patients with heart and 
lung disease, Cournand and co-workers conclude 
that the increased energy required in abnormal 
states probably plays an important role in the 
development of dyspnea. McIlroy and Christie 
likewise suggest that the increase in the mechan- 
ical work of breathing in pulmonary emphysema 
“‘must at least be an important factor in the 
production of dyspnea.”’ An approach which is of 
interest in this connection is the estimation of 
the mechanical efficiency of respiration. This is 
calculated from the total energy requirement as 
estimated from oxygen consumption and by 
determining the mechanical work done for the 
given ventilation volume. Otis, Fenn and Rahn 
have calculated mechanical efficiency in normal 
man to be 3 to 7 per cent. Both Cournand and 
Comroe have suggested the importance of 
simultaneous determination of total energy 
required and mechanical work done in patho- 
logic states. Such studies may throw some light 
on the problem of dyspnea, particularly in 
pulmonary emphysema and perhaps in the 
important problem of the dyspnea of pregnancy. 
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Whether or not efficiency of respiration is 
related to dyspnea in such lesions as pulmonary 
fibrosis or mitral stenosis is less predictable. 

Work of Breathing in Relation to Respiratory 
Acidosis. Analysis of the work of breathing in 
relation to the arterial carbon dioxide tension 
by Riley and by Otis has indicated that, while 
hyperventilation results in a fall in arterial 
carbon dioxide tension, there is a point beyond 
which further increase in alveolar ventilation 
results in such an increase in the work of the 
respiratory muscles that carbon dioxide produc- 
tion exceeds the rate of elimination and the 
arterial CO, tension will start to rise. In one 
normal subject this occurred at a rate of 67 L./ 
minute. In emphysematous patients this point 
_ (that is, the ventilation volume above which 

arterial CO, tension rises instead of falls) 
is much lower and may account for the fact 
that these patients do not increase their minute 
volume to any extent with exercise. Galdston, 
using diamox® and aminophylline as respiratory 
stimulants, has shown that increasing minute 
ventilation in patients with pulmonary emphy- 
sema caused an initial fall in the arterial CO, 
tension but beyond a certain ventilation, which 
was not very high, the arterial CO, tension 
did not fall and even increased. 

An additional deduction derived from analysis 
of this problem by Riley was that the total 
oxygen available for non-respiratory work (in 
cases of hyperventilation in which patients had 
pulmonary emphysema) is greater at high 
arterial CO, tensions (for example, 60 mm. Hg) 
than at lower arterial CO, tensions. From this 
interesting and provocative analysis Riley 
suggests that respiratory acidosis might be 
‘‘an adaptive mechanism by which the body 
tolerates an increased work of breathing which 
would otherwise be intolerable, to the extent 
that breathing can be made easier.’’ From this 
point of view respiratory acidosis may be a 
blessing as well as a curse in patients with 
emphysema. 

It is apparent that therapeutic measures used 
to stimulate respiration may be disadvantageous 
if the work of breathing also is increased. 
Measures designed to reduce the work of breath- 
ing, such as bronchodilators and artificial 
ventilation, and prompt treatment of pulmonary 
infection still offer the best therapeutic approach 
to the problem of pulmonary emphysema. 

It is clear that these investigations of the 
mechanics of respiration have changed some 
, concepts derived from older conventional pul- 
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monary function studies, and have afforded a 

new understanding of other problems. Most 

important, they have uncovered as many prob- 
lems as they have solved. 

Mor Timer E. BADER, M.D. 

RICHARD A. BADER, M.D. 

The Mount Sinai Hospital, New York, New York 
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Clinical Studies 


Dynamics of the Circulation in Aortic 
Valvular Disease’ 


Lieut. RicHarp GorLIN, M.c.f 
Portsmouth, Virginia 
Ian K. R. McMILLAN, m.B., W. E. MEpp, M.p., MICHAEL B. MATTHEWS, M.D. 
and RaYMOND DALEY, M.D. 
London, England 


understanding of naturally acquired 

valvular disease since the classical obser- 
vations of Corrigan! in 1832, who described the 
dynamics of regurgitation, and of Hope? in 1835, 
who noted the small, weak arterial pulse of 
stenosis “‘while the heart is giving a violent 
impulse.”” The natural history of both types of 
disease has been worked out*~* but the quantita- 
tive dynamics have not. 

It will be the purpose of this report to define 
(1) what degrees of anatomic valvular defects 
are required to cause significant stenosis or 
regurgitation, alone or in combination; (2) 
what the cardiodynamic adjustment is to the 
anatomic lesions, and (3) what clinical cor- 
relations and conclusions may be drawn from the 
available data. In so doing it is hoped that a 
more precise understanding of aortic valvular 
disease will result. Together with the use of 
recently developed technics for measuring left 
atrial and ventricular pressures, these data may 
provide a more quantitative basis in the selection 
of patients for surgery. 

Case Selection and Classification. Of a group of 
fifty-five patients with aortic valve disease who 
were interviewed, examined, screened and 
whose electrocardiographs were studied, twenty- 
four had cardiac catheterization. The hearts 
of three patients} at necropsy the ensuing year 
were studied hydraulically and _ cinephoto- 
graphically by McMillan technic. 

The twenty-four patients were classified 
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*From Department of Cardiology, St. Thomas Hospital, 


clinically according to the criteria of the New 
York Heart Association’ and then divided into 
three groups: predominant aortic stenosis (AS), 
predominant insufficiency (Al) and mixed 
lesion (ASAI). The criteria used were: 


* Average multiple determinations. 
Patients with five of six criteria were placed 
arbitrarily in one group or the other. Patients 
presenting components of both groups of criteria 
were considered to have stenosis with varying 
degrees of insufficiency. Nine patients had AS, 
five had AI and ten had ASAI. 

Methods. Cardiac catheterization was per- 
formed in the usual fashion,’ the catheter in 
twenty-three of twenty-five instances being 


patients were at rest and during the third minute 
of standard leg exercise in cighteen patients. 
London, England; Medical Clinic, Peter Bent Brigham 


Hospital, and Department of Medicine, Harvard Medical School, Boston, Mass. 
¢ Present address: U. S. Naval Hospital, Portsmouth, Va. 
The authors ave grateful to Sir Russell Brock and Des. Holling, and Venner for permission to present one of 
cases. 
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| Predominant Lesion | 
| | Regurgita- 
| Stenosis tion | 
| (Rough (Blowing Lf 
Systolic Mur- | Diastolic ti 
mur, Any | Murmur, | 
Grade) | Grade 3 
Arterial pressure, brachial | | 
Systolic upstroke, sec. (see ref. 8) 0.15 of more | 0.10 of less 
Systolic period, sec............ 0.30 or more | 0.30 of less f 
Pulse pressure, mm. Hg*..........| 45 or less 80 or more : 
Diastolic pressure, mm. Hg*.......| 70 of more 60 or less : 
Fluoroscopy: left ventricular activity. ..| Normal to Rocking 
diminished | 
wedged into the end pulmonary artery. An in- 
dwelling needle was placed in the brachial 
artery. Observations were made while the 
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The validity of the observations of exercise was 
based on other studies.'’~'' Nine patients were 
studied after an intravenous injection of 1.2 mg. 
| of atropine sulfate. 
a Phasic and mean pressures were recorded with 
Sanborn’? or Hansen'* capacitance manometers 
of the pulmonary “capillaries,” pulmonary 
artery, right ventricle, right atrium and brachial 
artery. The zero point was 10 cm. anterior from 
the back in the recumbent position. Systolic and 
diastolic periods were measured directly from 
the brachial arterial tracing. 
Blood samples from brachial and pulmonary 
: arteries were drawn simultaneously with oxygen 
consumption measured by the Benedict-Roth 
method. Oxygen content and capacity were 
: estimated in each instance by two of three 
: technics: Van Slyke'* or Haldane" gas analysis 
or oximetrically.'* Cardiac output was then 
calculated from the Fick principle. 

Pulmonary (PVRI) and systemic (SVRI) 
vascular resistance indices were calculated as 
follows: '® 


PAm — PCm 
CI 
BAm — RAm 
CI 


PVRI = 


SVRI = 
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Stroke work index in gm. M/beat/M? was 
obtained by dividing these quantities by heart 
rate and multiplying by 1000. Throughout the 
study, “‘effective’’ refers to that moiety delivered 
to the systemic circulation, while “total” refers 
to that actually produced by the left ventricle. 
Because of its close similarity to left atrial pres- 
sure,'7—'* pulmonary capillary diastolic pressure 
was used for left ventricular filling pressure.'* 
Diastolic instead of mean pressure was utilized 
because a difference of 4-8 mm. Hg could exist 
between these two values at high pressures. 
Right atrial mean pressure was acceptable for 
the filling pressure of the right ventricle as the 
difference between the two was negligible. 
Because essentially similar methods were used, 
our observations were plotted against normal 
values reported by Dexter et al.*~'° 


HYDRAULICS OF THE AORTIC VALVE 


Two of the hydraulic unknowns in aortic 
stenosis, which remain even after data have 
been obtained by routine catheterization, are 


X 1332 dynes sec. cm.—5/M? 


X 1332 dynes sec. cm.~>/M? 


Where PAm = Pulmonary arterial mean pressure, mm. Hg 
PCm = Pulmonary capillary mean pressure, mm. Hg 
BAm = Brachial arterial mean pressure, mm. Hg 
RAm = Right atrial mean pressure, mm. Hg 


CI = Cardiac output, cc./sec./M? 
1332 = Factor to convert mm. Hg to dynes/cm.’ 


Right ventricular work (Wry), total left 
ventricular work (Wyy) and effective left 
ventricular work (Wegrzy) were calculated as 
follows: 


Wr 


(CI X 1.055) (PAm X 1.36) 


(1) the left ventricular systolic pressure and 
(2) the total amount of blood pumped by the 
left ventricle when there is aortic insufficiency. 
In previous reports a formula has been presented 


ke. M/min./M? 


1000 
(CI X 1.055) LVsm X 1.36) 
1000 


ae (CI X 1.055) X (BAm X 1.36) 
1000 


Where CI = cardiac index, L./min./M? 
PAm = pulmonary arterial mean pressure, mm. Hg 
LVSm = left ventricular systolic mean pressure, mm. Hg 
BAm = brachial arterial mean pressure, mm. Hg 
1.055 = specific gravity of blood 
1.36 = conversion of mm. Hg to cm. HzO 


WL kg. M/min./M? 


kg. M/min./M? 
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for calculating aortic valve area.” If the formula 
is now rewritten and solved for left ventric- 
ular systolic mean pressure (LVsm), given the 
stenotic area and total blood flow, this pressure 
may be estimated as follows: 


(1) AVA= CO/SEP 
44.5 X VLVsm BAsm 
(2) LVsm = a + BAsm 


(AVA X 44.5 X SEP)? 


Where CO = Cardiac output, cc./min. 
SEP = Systolic ejection period, sec./min. 
AVA = Aortic valve area, cm.’ 
BAsm = Brachial arterial systolic mean 
pressure, mm. Hg 
44.5 = Gravity acceleration factor. 

In similar fashion, the regurgitant flow (CO) 
may be calculated if the regurgitant area and 
regurgitant pressure gradient from aorta to left 
ventricle in diastole are known: 


(3) COp = ARA X 44.5 & DFP 
VBAdm-PCd 


Where ARA = Aortic regurgitant area, cm.’ 
DFP = Diastolic period, sec./min. 
PCd = Pulmonary “capillary” diastolic 
pressure, mm. Hg 
BAdm = Brachial arterial diastolic mean 
pressure, mm. Hg 

The total blood ejected then equals the sum 
of cardiac output as calculated by the Fick 
principle plus the regurgitant output. In four 
cases, three reported here (F. S., E. D., A. G.), 
the hearts were mounted in a special perfusion 
apparatus.® The aortic valves were perfused with 
water at pressure. Flow and ejection periods 
were similated to conditions in life. Films were 
taken of the valves in action. From the films, the 
areas of the valve in systole and diastole were 
measured by planimeter: These areas were 
substituted in the formulae and reasonable 
approximations of left ventricular pressure and 
flow were calculated. 

The empirical “C” factor could not be 
derived as was accomplished for the mitral 
valve.”° Rodrigo and Snellen,?' however, showed 
theoretically that the orifice coefficient for the 
aortic valve should be about 0.9, and when the 
mercury conversion factor?® of 1.13 is introduced 
the theoretical ““C” coefficient for the formulae 
proposed approaches 1.0. 

Limitations to any such theoretical derivation 
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of “C” are (1) the difference in viscosity be- 
tween water (used in the McMillan pump sys- 
tem) and blood, and (2) the varying orifice 
shape which may cause a 10 per cent variation 
in 

A final limitation of the entire method is that 
the rigidity of the aortic cusps may entail some 
pressure to open them. A simple orifice analysis 
will fail to allow for this component and thus 
underestimate the imposed load. As the main 
purpose of this study is to define the magnitude 
of flow, pressure and work, such errors are of 
limited importance. 


The data are shown in Table 1. Normal pa- 
tients have a valve area of 3 cm.?, no regurgita- 
tion, an ejection flow rate of 250 cc./systolic 
second and a negligible valve gradient. 

Pure Aortic Stenosis. Patient E. D. had a valve 
area of 0.4 cm.? In order to deliver a low normal 
stroke output at an ejection rate of 220 cc./ 
systolic second, a pressure equivalent to 150 mm. 


_ Hg was lost across the aortic valve with a left 


ventricular systolic mean pressure of 246. These 
values did not change on effort. A low output 
resulted from a normal stroke output at a low 
heart rate. 

Patient E. P., who also had a stenotic aortic 
valve area of 0.4 cm.?, in addition had a tight 
mitral stenosis and severe pulmonary vascular 
disease. The stroke output was so low that a 
gradient of only 30 mm. Hg had to be main- 
tained across the aortic valve. 

Aortic stenosis and insufficiency. Patient F. S. 
had a stenotic valve area of 0.7 cm.? (20 per cent 
of normal) and a regurgitant area of 0.4 cm.’ 
With pure stenosis, the ventricular systolic 
pressure would have been 150 mm. Hg. How- 
ever, the gradient during diastole from aorta 
back into ventricle was 60 mm. Hg. With such a 
large gradient, 4.5 L./min. regurgitated through 
such a small orifice as 0.4 cm.? With a nearly 
doubled blood flow during systole (forward 
and regurgitant) the valve gradient, instead of 
being 40 mm. Hg, was 123 mm. Hg with a 
ventricular pressure of 230 mm. Hg. Exercise 
resulted in an increased heart rate and decreased 
diastolic time (6 sec./min.). Consequently with 
less time for regurgitation, the leak decreased 
to 3.8 L./min. as did valve gradient, ventricular 
systolic pressure and stroke work. 

Patient A. G. had a stenotic valvular area of 
0.45 cm.? and a regurgitant area of 0.3 cm.? The 
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regurgitant gradient was 50 mm. Hg and the 
leak amounted to 2.6 L./min. at rest, 50 per cent 
of the forward flow. The valve gradient, to move 
a total flow only 1 L. more than normal, ex- 
ceeded 100 mm. Hg and the ventricular pres- 
sure in systole was 230 mm. Exercise induced a 
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volume (effective) was fixed or decreased with 
effort in all but one patient, R. T. Minute out- 
put, however, increased considerably in three 
patients, due to increased cardiac rate. 

Pure insufficiency (Al). Oxygen consumptions 
were similar to AS. Effective cardiac output was 


TABLE I 
Pressures Output 
( Hg) (L. /min.) Ventricular 
mm. Hg ./min. Pressure Work 
< 
= 
4 8 2] 2 = 
E. D. | AS nies 21 39 95 81 2;| 246 | 151 | 4.6 4.6 | 219 9.2 140 
E 26 34 95 | 80 15; 258 | 163 | 5.9 5.9 | 227 11.6 130 
E. P. |AS |R/0.4 27 33 87 3) 118 31 12.5 2.5 93 3.0 30 
MS 
F.S. |AS |R/0.7 | 0.4 ! 28 32 107 | 79 18' 230 | 123 | 5.2 | 4.5 | 9.7 | 346; 15.0 170 
AI | E 34 26 121 95 28 195 74 5.0 | 3.8 | 8.8 | 260 10.8 90 
A. G. |AS | R 0.3 | 122 | 68 18; 230 | 108 | 4.8 2.6: 7.4} 220 14.5 151 
AI | E 35 25 160 | 92 262 | 102 | 4.4! 2.9 7.3} 210) 16.1 146 


Abbreviations: R, rest; E, exercise. 


small heart rate increase but the aortic-ventric- 
ular diastolic pressure gradient rose. As a result 
regurgitant and total blood flow were essentially 
unchanged. 

The catheterization data are shown in Table n. 

Blood Flow. Pure Stenosis (AS): Oxygen con- 
sumption averaged 150 cc./min./M? and rose on 
effort in relation to patient’s ability to work. 
The cardiac output was normal at rest in 
asymptomatic patients. Both resting stroke out- 
put and cardiac rate showed a steady decline, 
with disability leading to low minute outputs in 
patients of Class m and Class rv. Stroke volume 
failed to increase on effort, except in W. S., but 
minute output increased with increased heart 
rate. 

Stenosis and insufficiency (ASAI). Oxygen con- 
sumption was increased to 178 cc./min./Mz?. 
Effective cardiac output at rest and stroke vol- 
ume showed a decline with disability. Stroke 


normal at rest in four of five patients and rose on 
effort in four of five. Effective normal resting 
stroke output rose with exercise in three patients 
and fell in two. 

Arterial Blood Pressure. Pure stenosis: Phasic 
arterial pressure averaged 109/72 with a mean 
of 90. A lower diastolic pressure was noted in the 
one child (M. M.) and with systemic vasodilata- 
tion in another patient (F. G.). Mean pressure 
was unchanged on effort in two of three patients. 

Stenosis and insufficiency: Phasic pressure aver- 
aged 134/65, with a mean pressure of 93. A 
diastolic pressure only slightly less than normal 
was noted with congestive failure despite 
moderate regurgitation (F. S.). Pressures rose 
somewhat on effort in all instances. 

Pure insufficiency: Phasic pressure averaged 
174/55, with a mean pressure of 99. Systolic 
pressures increased as high as 320 and diastolic 
pressure to 80 or higher in four of five patients 
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TABLE Il 
Pressures 
Kg. M/min./ | Gm. M/ 
Pulmonary Brachial Artery M? beat /M? 
Aortre Stenosis 
M.M. | 9 0.84, R | 133| 41t 35 @ 1 4.0 36 
E.A. |44 17.5'1.62| R | 170 51 128 | 107 | 2\. 7.8 78 
F.G. |24 21 11.6|R/170 54/17 8] 110 | 87 16 
E | 512 |... 6 
w.D |42 23.511.9|R| 154 92 | @ 4.0 | 62 | 48 
F. | 384 29| 22 |17!|.. | 130 | 100] 118 5.9 | 9.1 | 49 
A | 139 i 3.4 | 3.27| 28 
U.D. |16 18.211.7 | R| 153 48115 | 11! 100 | 76] 88 48|7 53 
A | 142 49 | 5 37 
17.211.4|R/|174 58 | 21 11] 130 | 93 5.2 |14 69 
W.S. (33 18.511.8 | R| 116 19/25 8| 124 | 80] 97 26 | 9.7 | 38 
| 500 5.9 |25.6 | 49 
E.F. |65 23.411.8| R|144 36124 16/.. % | 80 23 | 8 33 
A | 202 3.3*| 8 36 
E.D. |50 R | 134 38 | 20 | 8| 2] 103 | 72] 85 3.1 9 46 
E | 233 38 | 41 | 20/15] 105 | 76] 85 3.4 |20 38 
Aortic Stenosis and Insufficiency : 
E.B. 11|19 |1.70) R| 144 40|17 |14|..] 1285 6| 18 39 15 46 
R.T. 16 |1.47| R| 195 48/14 5| 3] 133 | 69| 93 | 3 4.9 | 7 60 
E | 727 58/25 | 2] o| 147 | 83/110 | 2 11.6 |22 90 
T.K. |54 21.6|2.0 | R| 154 i < 135 | 75 13 3.75 | 10 52 
12 | 4 
H.B. |59 21 |1.80| R | 132 52/14 | 8] 142 | 78/105 | 5 e347 70 
E | 381 52/31 | 150 | 82/111 | 9 6.5 | 16 70 
S. T. 0 116.5/1.58| R | 193 55| 20 | 131 | 73| 90 | 2 4.5 |14 63 
E | 690 41 | 52 | 48 140 | 97/120 | 9 5.5 |25 42 
C.C. |48 15.5|1.66| R | 212 79| 35 | 21116] 132 | 65| 90 5.5 |34 89 
E | 300 49 | 45 | 32| 20] 175 | 103 | 140 7.2 |24 85 
R|... | 29 173 | 85} 115 
16.5|1.46| R | 164 2.6 37|20 | 9! 8] 165 | 73! 102 3.5 |10 50 
E | 295 3.4 36 | 45 | 172 | 19 4.0 |21 42 
16.5|1.5 | R| 172 3.0 18 | 12) 8| 156 | 54| 108 4.1 |12 67 
A|144 3.0 37 | 20 | 12| 152 | 52! 108 4.1 |13.6 | 53 
A.G. |53 18 |1.56| R| 190 3.1 32} 50 | 23|18| 133 | 53] 89 3.2 |21 33 
E | 316 2.8 25 | 64 | 43| 175 | 115 3.6 |19 32 
F.S. |46 23 |1.96| R | 227 2.6 29| 39 | 20/18] 114 | 74! 91 2.7 1/13 30 
E | 293 2.6 22| 50 | 33 | 28| 130 | 88| 106 2.9 |15 25 
A.B. |50 R| 174 3.3 36 | 29 | 25/19! 106 | 58| 85 3119 34 
om E | 388 4.6 43| 49 | 471361 114 | 761! 100 4.2 |19 40 


June, 1955 


¥ 
a 
‘ 
bee 
a 
‘a 
‘ 
i 
i 
il 
* 
f 
* 


860 Hemodynamics of Aortic Valvular Disease—Gorlin et al. 
TABLE 11 (Continued) 
Pressures 
Effective Work 
(mm. Hg) Resist- 
ance/M? 
Dynes sec. 
cm.~$ _M/min./ | Gm. M 
Pulmonary Brachial Artery Kg M? 
Aortic Insufficiency 
A.C. |61| 1/15.2/1.7 | R| 182] 50| 3.6 | 78] 46 | 30 175 | 621113 2,240, 0.98 | 5.0 |13 65 
E | 640| 108| 5.9 |114| 52 | 66 210 | 90] 150 |23 1,720} 3.6 | 10 32 88 
A|168| 42| 4.0 |105| 38 | 28 190 | 76 | 124 | 9|...|2,315| 1.09 | 6.5 |10 62 
J.-A. 111 |17.4/1.9 | R 3.7| 84] 44 | 47 | 25| 16] 240 | 60 | 135 | 6| 458/2,800) 1.6 6.3 |19 75 
E | 470| 3.5 |156| 22 | 77 | 47/40! 320 | 115 | 220 |19]685|4,550| 2.9 9.1 |19 58 
A|205| 55| 3.7| 96] 38 | 24 | 12| 10) 173 | 64] 105 | 4|260/2,240] 1.1 5.0 |11 52 
A.P. 111 |21.6/1.8 | 3.9| 78] 50/21 | 8 140 | 60| 75 | 268/1,465| 0.95 | 3.75 |12 48 
E /520| 5.9/|108| 55 | 50 | 27 210 | 86 | 134 | 3.50 | 9.0 | 32 83 
A |137| 38] 3.61110) 18 | 8 153 | 71 | 94 | 0.72 | 4.4 | 6.5 | 40 
L. W. 111 |21.0/1.9 | R|137| 44] 3.1 | 57| 54] 18 | 12 166 | 88 | 6154/2110] 0.53 | 3.4 | 9 60 
E | 442/110] 4.0 | 48 | 40 | 25 186 | 66 | 114 | 9|298/2,090| 1.8 5.1 | 20 61 
F.T. 111 |20.0/1.8 | R|183| 2.2] 84| 26/14 | 8 150 | 42] 84 | 0.38 | 2.4 | 5 29 
E | 455|134/ 3.4] 96| 35 | 50 | 32 208 | 80 116 | 3) 432|2,700| 2.3 4.1 |24 43 
R |95- |30- |2.8- |80- | 35- 3-7 |41-59 
47 4.7) 100} 47 6| 200] 2400 
ormal E |207-|53- |4.4— |110-| 40- |4.0-8.4|4.5-14/38-84 
106| 120] 63 | 9| 1700 1.4 
Abbreviations: R, rest; E, exercise; A, atropine. 


* Calculated assuming arterial 


unchanged pressure. 
t Calculated utilizing multiple right atrial blood samples in the Fick equation. 


subjected to exercise. Even with severe AI, 
thirty-five to fifty mm. Hg regurgitant gradients 
were found between the aorta and left ventricle 
during diastole. 

Left Ventricular Function. Pure stenosis: Total 
left ventricular work per minute and per beat 
was about twice that of normal in patient E. D., 
but did not increase on effort. Effective stroke 


work was normal in six of nine patients at rest 


and did not increase with effort except in W. S. 
which in this instance increased only to within 
normal levels, nor did total work per beat in 
these patients change on effort. (Table 11.) 
Despite the increased work load, resting pul- 
monary capillary diastolic pressure was nearly 
within normal limits at rest but rose in all 
patients on effort. (Fig. 1.) 


Stenosis and insufficiency: Resting total left 
ventricular work per minute and per beat were 
about thrice normal in patients F. S. and A. G. 
Work decreased in F. S. on effort as regurgita- 
tion decreased but remained unchanged in A. G. 
Effective stroke work during rest was within 
normal limits in all but three patients and was 
either unchanged or decreased in six of eight 
during exercise. Therefore total work per beat 
was probably decreased, or at least unchanged. 
(Table m.) Pulmonary capillary diastolic pres- 
sure was near normal limits in eight of eleven 
patients at rest but rose to varying degrees in all 
patients but R. T. (Fig. 1.) 

Pure insufficiency: No calculations were made of 
total work. Effective stroke work during rest was 
within normal limits or increased in four of five 
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patients and increased on effort in three of the 
five. Probably total work like effective work was 
unchanged or may have risen; certainly it did 
not decrease in AI. (Table m.) Pulmonary 
capillary diastolic pressure was near normal 
limits in observations made of four patients, but 
increased in all on effort. (Fig. 1.) 
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J. A., who had associated arterial hypertension. 
Little variation occurred on effort. Resistance 
did not consistently increase as disability 
increased. 

Right Ventricular Function. The findings were 
essentially the same in all three groups of pa- 
tients. Pulmonary arterial mean pressure was 


| 
\ ——=— True Work 
ISO} ------ Atropine 
\ —— Effective Work 
= \ 
S 125- 
\ 
E \ 
100} 
T 
AS ASAI Al 


“Pulmonary Copillary” Diastolic Pressure  mm.Hg. 


Fic. 1. Left ventricular stroke work against pressure in aortic valve disease. Solid and heavy broken lines connect 
resting and exercise determinations; fine broken lines connect resting and atropine determinations. AS, aortic 
stenosis; ASAI, aortic stenosis and insufficiency; AI, aortic insufficiency. 


Left Atrial Pressure Pulse. Pure stenosis and mixed 
stenosis and insufficiency: A number of patients 
had large ‘a’ waves and all had negative 
mid-systolic ‘‘x’”? waves. These characteristics 
were unchanged in all except F. G. and J. B. in 
whom the negative dip disappeared on exercise, 
leaving a large c-v complex. (Fig. 2.) 

Aortic insufficiency: No prominent “a” waves 
were seen. The mid-systolic dip was not clearly 
defined in the tracings. 

Systemic Resistance. Pure stenosis and stenosis 
and insufficiency: The values gave normal results 
when the patient was at rest but increased in the 
more severely ill patients who had low cardiac 
outputs. In general, there was little change with 
effort. 

Pure insufficiency: Resistances were within 
normal limits in three instances and increased in 
F. T., who had a low cardiac output, and in 
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within normal limits in nineteen of twenty-five 
patients observed at rest, but rose abnormally on 
effort as pulmonary capillary pressure increased 
in all but patient R. T. Right ventricular stroke 
work was within normal limits in eighteen of 
twenty-five, but increased abnormally in all but 
two patients. Right atrial mean pressure was 
within normal limits or nearly so (6 mm. Hg or 
less) in nineteen of twenty-five patients observed 
and rose abnormally (9 mm. Hg or more) in ten 
of sixteen patients observed during exercise. 
There was clearly no relation between rise in 
filling pressure and change in stroke work. 
Marked elevation of right atrial pressure did not 
occur in the absence of greatly increased pul- 
monary capillary pressure but the converse did 
not obtain. 

Pulmonary Vascular Resistance. The findings 
were essentially similar in all three groups of 
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tracings. In the first tracing are noted the large a-c complex (8 mm.) compared to the “‘v”’ wave (3 mm.) and the 
negative mid-systolic dip ‘‘x.’’ As the pressures rise with increasing atriovenous volume, the “‘v” wave of atrial 
filling becomes more pronounced (18 mm. Hg) while the “a” wave is of the same size. In the third tracing the 
*“‘a” wave has become submerged and the entire systolic period is taken up by a large positive wave, 25 mm. Hg 
in height with disappearance of the negative dip. In the final tracing the normal pattern appears immediately 
when pressures approach normal limits. The third tracing may represent acute mitral regurgitation. 


TABLE I 
ALGEBRAIC ESTIMATION OF CHANGE IN TOTAL LEFT 
VENTRICULAR WORK IN AORTIC VALVULAR DISEASE 
Wuv ~ LVsm X SI 
~ (SOG + BAnm) X (EI + RI) 
SI ~ SOG 


~SP; SP=K 


Wuv = Total left ventricular work (gm. M /beat/M?) 

LV.sm = Left ventricular systolic mean pressure (mm. 
Hg) 

SI = Total stroke volume (cc. /beat 

SOG = Systolic orifice gradient (mm. Hg) 

BAm = Brachial arterial mean pressure (mm. Hg) 

EI = Effective stroke volume (cc. /beat/M7?) 

RI = Regurgitant stroke volume (cc. /beat/M?) 

ROG = Regurgitant orifice gradient (mm. Hg) 

SP = Systolic period (sec.) 

DP = Diastolic period (sec.) 

HR = Heart rate/minute 


Changes on Effort in AS ASAI AI 
BAm +7 +1 
HR T t 
RI | +7 
SI +| | t 
SOG | 
Wur | + T 
* Negligible 


The above given equations are based on the standard 
formulae for pressure work and aortic valve orifice. With 
actual values known for BAm, EI, ROG, HR, DP and 
SP, by substitution in the equations and with observation 
of the relationships expressed therein, direction of change 
of total work of the left ventricle may be determined in 
the three types of aortic valvular disease. 


patients. Resistance was within normal limits or 
only slightly increased in all patients except 
A. G., F. S. and J. A. and did not change with 
effort. 

Right Atrial Pressure Pulse. 1t was not uncom- 
mon to see large “‘a’’ waves for patients of all 
three groups. (Fig. 3.) The pressure pulse did not 
change materially with exertion. 

Atropine studies: Responses were similar in the 
three groups. (Table and Fig. 1.) 

There were no significant changes in oxygen 
consumption or arterio-venous oxygen differ- 
ence. Heart rate increased on the average of 
30 strokes per minute; stroke output was de- 
creased in six of seven patients, and cardiac 
output therefore was unchanged while regurgi- 
tant output obviously decreased in those with 
AI. The arterial blood pressure and systemic 
resistance remained essentially unchanged ex- 
cept for a slight increase in diastolic pressure. 

Pulmonary capillary diastolic pressure was 
unchanged in six patients, varied from 4—6 mm. 
Hg in three. Effective stroke work was un- 
changed or decreased in all patients. 

Pulmonary arterial pressure, vascular resist- 
ance and right atrial mean pressure were 
unaltered. Right ventricular stroke work de- 
creased in five of seven determinations. 

Observations during a vasovagal attack: Patient 
C. C. while reclining developed faintness, be- 
came cool, sweaty and was slightly hyperpneic 
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during catheterization. Studies completed within 
four minutes of onset of attack revealed a heart 
rate of 66, a markedly increased minute output 
and, for this patient, a low blood pressure with 
decreased peripheral resistance. She was then 
exercised, which resulted in fall in output, rise in 
pulse rate, blood pressure and calculated resist- 
ance. Unfortunately, recovery flow rates were 
not available but the pulmonary vascular gradi- 
ent was almost half, indicating a probable 
diminution in output. While these findings are 
consistent with the systemic vasodilatation 
observed by others,?* the increase (instead of 
decrease) in output may have been related to 
the reclining position. 

Clinicophystologic Correlations. Clinical disabil- 
ity is partly related to pulmonary capillary 
congestion and inadequate cardiac output. 
There was no relationship between the level 
of resting pulmonary capillary pressure or its 
increase on effort and clinical incapacity. 
The degree of rise, however, in relation to 
external work performed and oxygen consumed, 


did correlate well with the clinical status. For - 


example, in patient F. S. oxygen consumption 
rose only 30 per cent but pressure increased 
10 mm. Hg, while in patient S. T. a 350 per cent 
rise was associated with a 30 mm. Hg increase. 
Blood flow in AS and ASAI generally was within 
normal limits in Class 1 and 1 patients but was 
decreased in Class 11 and rv patients, both at rest 
and on effort. Such a relationship did not hold 
in Al. 

Except for R. T., even asymptomatic patients 
with normal dynamics while resting had two 
stigmata in effort: pulmonary capillary pressure 
rose and stroke work failed to increase normally. 
In addition symptomatic patients exhibited 
low outputs and steeper pressure rises. 


COMMENTS 


Nature of the Hydraulic Obstruction in Aortic 
Stenosis, with and without Incompetence. Behind 
the mitral valve relatively small increases in 
pressure, 25-35 mm. Hg are sufficient to cause 
pulmonary symptoms resulting from the pul- 
monary capillary hypertension.'* In aortic 
stenosis, however, with the pump situated 
contiguous with the orifice, much larger rises 
in proximal pressure are tolerated without 
consequences of physiologic significance, de- 
pending entirely on left ventricular reserve. As a 
result, the critical orifice in aortic stenosis will be 
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Ras. 
Fic. 3. The right atrial tracing (patient A. G.) illus- 
trates a giant “‘a” wave and good descent of the base 
(“*x’’ wave). 


much smaller than in mitral stenosis. This is 
shown in Figure 4. 

Patient E. D. had a tight aortic valve. Left 
ventricular systolic pressure was elevated to 
250 mm. Hg to drive blood through the stenosis 
at a normal flow rate per beat of which 150 mm. 
Hg is spent across the stenosis. The im 
of blood flow in determining load on the left 
ventricle is illustrated by patient E. P., not 
included in this series, who had severe mitral 
stenosis and pulmonary vascular disease as well 
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as an aortic valve orifice measuring 0.4 cm.? 
Blood flow was so low due to the three obstruc- 
tions, 2.5 L./min., that the left ventricular 
systolic pressure required was only 125 mm. Hg 
_ (Fig. 4). The left ventricle was not hypertrophied 
anatomically or electrocardiographically despite 
severe aortic stenosis. 


AORTIC VALVE FLOW CCS/SYSTOLIC SECOND 


Fic. 4. These curves show the relation of pressure to flow 
for any given degree of aortic stenosis. The average 
normal valve is 3 cm.? in area; dynamically significant 
stenosis occurs at about 0.5 cm.? area if pure, and from 
1.5 cm.? or less if associated with regurgitation. ‘The 
average normal flow is 250 cc./systolic second; the 
average normal transvalvular gradient is about 2 to 4 
mm. Hg. To be noted particularly is the exceedingly 
flat relation of flow to pressure with 0.5 cm.? area or 
less once a gradient of about 100 mm. Hg is exceeded. 


A peculiar characteristic of stenosis is that 
systolic flow rate changes little with effort. It 
appears that an upper limit has been reached. If 
flow rate is fixed, it can then inferred that the 
moving force creating it, that is, left ventricular 
systolic mean pressure, is probably also fixed or 
has an upper limit. In Figure 4 the curves of 
pressure and flow for each size stenosis are 
plotted. Because systole takes about 0.3 seconds, 
a low normal flow rate of 200 cc./systolic second 
will supply a stroke output of approximately 
65 cc. If the stenosis is severe, 0.4 cm.?, the 
pressure gradient to deliver this flow rate or 
stroke output must be 130 mm. Hg, or a 
left ventricular systolic pressure of about 
230 mm. Hg. 

In order to supply a stroke output that is only 
15 cc. more (80 cc.) the gradient must increase 
to 200, or to a systolic pressure of 300 mm. Hg. 
With these prodigious demands on left ventric- 
ular systolic pressure, stroke output tends not to 
rise above a certain point and to be fixed at 
proportionately lower levels with greater degrees 
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of stenosis. The physical nature of orifice obstruc- 
tion leads to flattening of pressure-flow curves. 
With pure stenosis, this flattening occurs from 
0.5 cm.? down. There, for the first time, the 
valvular gradient approaches 100 mm. Hg, 
while further increases yield comparatively 
little change in flow. Because of the inability of 
coronary flow to increase in proportion to the 
demands of ventricular work, due to low 
coronary perfusion pressure, ventricular systolic 
pressures seldom exceed 250 mm. Hg.* The 
flatness of the pressure-flow curvé makes it is 
doubtful that pressures ever rise much higher 
even with tight stenosis. Thus one of the in- 
ferences of the data is that a fixed stroke volume 
limit in a patient with pure AS, in the absence 
of gross failure and often even in the absence of 
symptoms, may indicate a tiny aortic orifice. 
Naturally when there is associated regurgitation 
this may occur with a larger orifice. 

Patient F. S., who had both stenosis and 
regurgitation, amply demonstrated why a com- ° 
bined valvular lesion is so serious. The factor of 
blood flow was paramount. To maintain a total 
blood flow twice the systemic flow, the valve 
gradient had to treble and ventricular pressure 
to double. At that, systemic or useful flow was 
only two-thirds that of normal. Naturally, the 
tighter the stenosis the larger are the orifice 
losses for a given amount of regurgitation. 
Conversely, however, if the aortic valve is 
greater than 1.5 cm.’, the added orifice load of 
regurgitation is usually negligible. The magni- 
tude of these regurgitant loads gives ample 
reason why (1) the Hufnagel prosthetic valve,** 
simply by decreasing regurgitation, is useful in 
treating mixed disease and (2) any procedure 
which may produce regurgitation in direct 
valvular surgery must be avoided. 

Factors influencing the magnitude of insuffi- 
ciency are the aortic valve orifice area during 
diastole, the size of the pressure gradient from 
aorta to ventricle during diastole and the dura- 
tion of diastole (Equation 3). Even though the . 
aortic end diastolic pressure falls to 40 or 50 mm. 
Hg, the mean gradient during all of diastole is 
between 50 and 70 mm. Hg, a gradient half 
that of the average case of severe aortic stenosis 
and twice that in several mitral stenosis. With 
such a pressure even small orifices 0.3-0.5 cm.’ 
permit regurgitation of 2-5 L./min. The 
regurgitant orifice may be almost any size and, 

* This observation has been repeatedly confirmed by 
direct measurements at thoracotomy in aortic stenosis. 
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as a result, the leak in pure AI may be 2-3 times 
that propelled forward. 

Alterations in regurgitation may be produced 
by alterations in heart rate. Over a century ago 
Corrigan! stated, “Frequent action of the heart 
makes the pause after each contraction short, 
and the regurgitation must be lessened.’’ This 
was seen in patient F. S. on effort. In regurgita- 
tion, a moderately rapid heart is of definite 
advantage and our own short term atropine 
studies have indicated a decreased stroke volume 
and work with no change in ventricular filling 
pressure at higher heart rates. 

Left Ventricular Function. Blood flow: The 
orifice pressure-flow relations limited effective 
stroke output considerably, kept the stroke out- 
put subnormal to decreased in pure AS and 
ASAI, and prevented any rise with effort. In- 
creases in demand for blood were met by 
(1) increased cardiac rate and (2) increased 
oxygen extraction. Such orifice phenomena did 
not alter effective stroke output in pure Al. 

Left Ventricular Systolic Mean Pressure. In the 


three patients with AS or ASAI this pressure © 


was between 230 and 250 mm. Hg and varied 
little except to decrease. This pressure main- 
tained 100-150 mm. valvular gradients (and 
thus stroke output) and the arterial blood pres- 
sure. The constancy of ventricular systolic 
pressure in stenotic disease was evident from 
the fact that when the arterial pressure rose, 
stroke volume usually decreased. This did not 
occur in Al in which ventricular pressures could 
be elevated 35-80 mm. Hg higher during effort, 
in one instance to 320 mm. Hg systolic, without 
a fall in stroke output. 

Left Ventricular Work. The data revealed that 
the magnitude of total work imposed by stenosis 
alone may be almost twice that of normal, but 
that with a combined lesion work may be three 
to four times that of normal. The effective work 
available to the circulation formed only a frac- 
tion of the actual ventricular work done. The 
performance of greatly increased total stroke 
work at a normal or nearly normal diastolic 
filling pressure, as noted also in some hyper- 
tensive patients,?® probably is attributable to 
left ventricular hypertrophy. 

In trying to understand the exercise response 
in aortic valve disease it is helpful to consider 
first the normal response and the response in 
hypertension in which the load is also on the left 
ventricle. When normal individuals exercise, 
left ventricular diastolic pressure rises only 
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slightly or not at all and increased work per 
stroke is performed. Lewis et al.** studied ten 
hypertensive subjects. Stroke work was twice 
normal at rest in many of them and pulmonary 
capillary pressure (as an index of left ventricular 
diastolic pressure) was not greatly elevated. 
When exercise was performed the capillary 
pressure rose in all and stroke work increased in 
seven. In three patients with advanced failure 
work did not rise at all. 

In the AS and ASAI patients filling pressure 
rose with no major change in effective or total 
stroke work. Thus they showed a flat work 
response similar to that in terminal hyperten- 
sive subjects. By contrast, however, seven of 
eleven AS and ASAI patients had essentially no 
disability or minimal clinical disability. This 
suggests that the phenomenon is due more to 
hydraulic obstruction than to myocardial fail- 
ure. A work maximum apparently is present 
long before the onset of terminal failure. 

In failing to do more work at a higher filling 
pressure these patients were on the plateau or 
flat part of their ventricular function (Starling) 
curve. Such a curve has been demonstrated 
experimentally with increased aortic resistance 
or coronary artery construction by Sarnoff and 
co-workers. '**? Similarly, it may not be possi- 
ble for aortic outflow and coronary inflow to 
increase beyond a certain point in the presence 
of stenosis. Increases in coronary flow are 
further hindered by the inadequate rises in 


but not explain why the maximum work-filling 
arco point is reached at a normal filling 


increased simply by leg elevation alone and 
gradually rose to a plateau during exercise. 
The rate of rise was presumably governed 
(1) partly by rate of transfer of blood to the 
pulmonary circuit,?* (2) possibly by altered 
volume-elasticity characteristics of the hyper- 
trophied left ventricle and (3) mainly by the 
degree of myocardial failure. The atropine 
studies indicated that the pressure rise was not 
due solely to rapid heart action and decreased 
diastole. 

No conclusions can be drawn from this study 
concerning total work in AI. It may be inferred 
from the studies of regurgitant flow in patients 
F. S. and A. G. that work was often two to three 


coronary f sion pressure, proiongec 
and perhaps by an increased systolic coronary 
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times that of normal. The response to effort 
varied but, in contrast to AS and ASAI, and 
as in hypertensive patients, left ventricular 
systolic pressure rose considerably as did total 
stroke work. (Table 11.) Here, as in the hyper- 
tensives who present no major hydraulic 
obstruction and hence no decremental relation 
between work done and aortic outflow derived, 
both ventricular work and pressure could rise 
freely depending on stimulus. 

Significance of Arterial Blood Pressure in Aortic 
Valvular Disease. In our arbitrary grouping a 
wide pulse pressure and a low diastolic pressure, 
60 mm. Hg or less, were considered character- 
istic of AI, a narrow to normal pulse pressure 
and normal diastolic pressure consistent with AS, 
and intermediate values consistent with ASAI. 
Writers on the subject have pointed out that the 
blood pressure findings are often of little help in 
individual cases.*~* Some of the observations 
made herein indicate why this is true and per- 
haps suggest how better use may be made of these 
pressures. 

The pulse pressure varies with arterial elastic- 
ity as well as with stroke volume, hence the 
effects of regurgitation on pulse pressure tend to 
be minimized in children and magnified in 
elderly persons. But, in general, a widened 
pulse pressure in the patients herein described 
meant regurgitation, although the converse was 
not true. 

Of more significance was the diastolic blood 
pressure. Patients selected as examples of pure 
stenosis had an average pressure greater than 
70 mm. Hg while in those with regurgitation 
this pressure was less than 60. Three of the 
many factors which influence the diastolic 
blood pressure are (1) degree of regurgitation, 
(2) peripheral vascular resistance and (3) heart 
rate. 

The factors affecting regurgitation have al- 
ready been discussed. Regurgitation is associated 
with a fall in the diastolic pressure. Decrease in 
total leak, as with tachycardia, raises the diastolic 
pressure. 

Changes in resistance alter this pressure. In 
patient F. G., with pure AS, the control arterial 
diastolic pressure was 80 mm. Hg; during 
catheterization the patient developed a very 
low systemic resistance and the diastolic pres- 
sure fell to 58 mm. Hg. 

Early in the course of pure AI patients show a 
mild chronic peripheral vasodilatation, they are 
warm, sweaty and flushed and have capillary 


pulsations. Cardiac output is usually high 
normal and the calculated resistance is low 
normal. Thus there are two factors, regurgita- 
tion and vasodilatation, acting to give a rapid 
diastolic runoff and a low diastolic pressure. The 
cause of vasodilatation is unknown. Recent 
clinical observations of patients with a thoracic 
aortic valve show that they have flushing and 
sweating only proximal to the valve, where 
there still is incompetence, and none distally. 
This would suggest a local intravascular stimula- 
tion of each region to become dilated. 

When congestive failure occurs and/or sys- 
temic output falls, vasoconstrictive reflexes 
come into play to maintain blood pressure. The 
patients are cool, pallid and lose capillary pulsa- 
tion; the diastolic pressure rises somewhat, 
in fact the magnitude of the regurgitation may 
be masked as one factor, dilatation, drops 
out.*° F. S., who had a diastolic pressure of 
74 mm. Hg, showed this clinical picture and 
yet had a regurgitation rate of 4.5 L./min. 
Similarly, the same patient with and without 
failure will show varying signs. In three indi- 
viduals the diastolic blood pressure rose from 
low levels as congestive failure developed and 
fell again with digitalis therapy in two and fol- 
lowing cortisone for rheumatic activity in the 
other.*° 

Finally, simply increasing the heart rate can 
cause a rise in diastolic pressure by shortening 
runoff time to the periphery as well as to the 
heart.*! 

Thus the state of compensation, the degree of 
vasoconstriction vs. vasodilatation and the heart 
rate must all be fully considered before deciding 
on the significance of a given diastolic blood 


pressure. 

Left Atrial Pressure Pulse. Two findings were 
of particular interest. (1) Whereas in normal 
subjects the “‘a’’ wave is small and dwarfed by 
the “‘v’’ wave, in aortic stenosis the “‘a”’ wave 
was often equal to or larger than the “‘v’”’ wave. 
Such large “‘a”’ waves have been seen in left 
atrial tracings recorded during thoracotomy in 
aortic stenosis. Large “a’’ waves are seen in 
about 50 per cent of patients with systemic 
hypertension, * in mitral stenosis and frequently 
in the jugular venous pulse in pulmonary 
hypertension.*?~** A large wave was not 
seen in pure AI. 


* The authors are grateful to Dr. L. Dexter for permis- 


sion to examine the pulmonary capillary tracings of 
patients with systemic hypertension. 
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(2) Loss of the negative dip, the “‘x”’ wave, 
during ventricular systole in the atrial tracing 
is the most sensitive sign of atrioventricular 
valve incompetence.** A normal negative wave 
present in the tracings of almost all patients at 
rest would militate against mitral insufficiency 
complicating aortic stenosis. In two patients, 
however, the negative dip did vanish on exercise, 
returning at rest, which raises the following 
query: Did this represent acute mitral regurgita- 
tion with ventricular dilatation as the filling 
pressure rose, or was this new wave complex 
related to alterations due to ventricular or 
auricular contraction when so distended? The 
data permit no answer. 

Pulmonary Circuit. The changes i in pulmonary 
arterial mean pressure in the main were 
attendant upon changes in pulmonary capillary 
diastolic pressure and on blood flow. Marked 
elevations were seen in only a few patients who 
in addition, had increased pulmonary vascular 
resistance. Increased - resistance was a rare 
finding. 


Right Ventricular Function. It was not sur- — 


prising that in the absence of pulmonary hyper- 
tension the filling pressure-work relationship 
was normal at rest in most of the patients. But 
when pulmonary congestion developed as left 
ventricular diastolic pressure rose on effort, 
stroke work increased abnormally, but without 
necessary relation to change in filling pressure. 
This variable work response probably was 
related to (1) the state of the myocardium, 
which in aortic valvular disease often shows a 
generalized patchy fibrosis and may be further 
affected by low coronary perfusion pressure,** 
(2) on rare occasions, to a markedly increased 
right ventricular load (A. G.) and (3) to 
Bernheim’s : ted encroach- 
ment of the left ventricle on the right within 
a taut pericardium** may cause an abnormal 
rise in right ventricular diastolic pressure on 
effort as left ventricular diastolic pressure rises. 
Patient A. G., who exhibited a flat right ventric- 
ular work response, illustrated how, in occa- 
sional subjects, aortic valve disease may produce 
peripheral venous congestion. She 
had had long-standing chronic left-sided failure, 
and moderate pulmonary vascular disease, and 
a restricted right ventricular cavity (Bernheim’s 
syndrome) was demonstrated post-mortem. 
In Figure 5 the average values for the group 
with aortic valve lesions are compared to normal 


subjects,*-'* with mitral stenosis*’~** and to 
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hypertensives.** The patients with aortic valve 
lesions, like hypertensives, do more work at a 


given filling presence than normal subjects, but 
not as much as patients with mitral disease who 


probably have right ventricular hypertrophy. 


© AORTIC VALVE 
© wiTRAL STENOSIS 
HYPERTENSION 
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~ 
20} 
~ 
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Fic. 5. Average right ventricular stroke work curves are 
for three diseases of the left side of the circulation. 
Mitral stenosis curve was plotted from the data of 
Gorlin et al.” and Eliasch® and the hypertensive curve 
from Lewis et al.** 


Right Atrial Pressure Pulse. A large “a” 
wave was often seen in the right atrial tracing 
similar to that in the jugular pulse in systemic 
hypertension.** While the largest “‘a” wave 
did occur in A. G., who had a restricted right 
ventricle and pulmonary vascular disease, it 
seems doubtful if the “a” wave is often related 
to alterations in the pulmonary circulation. 
Rather the vigor of atrial contraction may be a 
uniform response and affect each pressure pulse 
to a degree dependent on each atriovenous 
elasticity curve. Peacock in fact commented on 
right atrial hypertrophy in aortic stenosis. ** 

Life History of Patients with Aortic Valvular 
Disease. From a review of the 
and the relation of symptoms to anatomic and 
physiologic derangement, one can divide AS 
and ASAI into four stages. 

Stage 1. The valve orifice area is greater than 
0.5 cm.? in pure cases and greater than 1.5 cm.’ 
in mixed cases. The only physiologic deviation 
will be a prolonged systolic upstroke time.** The 
patient is free of symptoms. Patient R. T. is our 
sole example. 

Stage n. The valve orifice area is 0.5 cm.’ or 
less in pure cases and less than 1.5 cm.’ in 
mixed cases. Resting left ventricular diastolic 
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limits. But on effort the diastolic pressure rises; 
stroke output and work are fixed. These patients 
are free of symptoms except with unusual but 
varying degrees of effort. This was seen in many 
of our patients, and has been seen by other 
workers‘:*! who found a significant percentage 
of cases of tight aortic stenosis with no important 
clinical symptomatology. The limitations here 
are mainly hydraulic in nature. 

Stage m1. Orifice areas are the same but the 
myocardium usually shows signs of generalized 
patchy fibrosis from years of impaired coronary 
flow.*® The huge load borne well in Stage 1 is 
no longer tolerated on slight exercise. The resting 
left ventricular diastolic pressure is within nor- 
mal limits or elevated slightly and blood flow is 
invariably decreased. Effort causes elevation in 
diastolic pressure, a fixed or falling output and 
often acute right ventricular failure as well. 
These patients are limited by symptoms, first of 
left- and soon of right-sided congestion. Thus it is 
not until late in the disease when the muscular 
component fails that symptoms become severe 
and the disease runs an accelerated course. 

Stage 1v. Terminal bilateral cardiac failure. 

Phystopathogenesis of Syncope and Angina Pectoris. 
No instances of syncope were observed, presuma- 
bly because exercise was performed in the 
recumbent position. In cardiovascular disease, 
effort syncope results from decreased cerebral 
perfusion due to a sudden fall in total blood 
flow or arterial pressure. Although blood flow 
tends to be low and rather fixed, effort syncope 
is uncommon in mitral stenosis and hyper- 
tensive heart failure because blood pressure does 
not fall. In the former, chronic pulmonary 
capillary congestion exists, leading either to 
immediate disabling pulmonary symptoms'® 
or to reflex systemic vasoconstriction;*? in the 
latter, the systemic vasoconstriction is not readily 
released on effort. In both cases blood pressure 
is maintained. Effort syncope, however, is not 
uncommon in primary pulmonary hyperten- 
and aortic stenosis. Minute output 
again tends to be fixed but blood pressure falls 
on effort in pulmonary hypertensives, presuma- 
bly when muscle vasodilatation is initiated 
because there is no pulmonary capillary conges- 
tion to inhibit its occurrence. Perhaps dilatation 
can be similarly initiated in aortic stenosis 
because of the normal and only slowly rising 
pulmonary capillary pressures. Decreases in 
peripheral vascular resistance and dilatation, no 
matter what the cause (emotion, effort, heat, 
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and so on) may, in the presence of fixed blood 
flow, result in acute hypotension, cerebral 
ischemia and fainting. 

Angina pectoris in aortic stenosis is the result 
of (1) associated coronary artery disease, (2) 
temporary increase in the disproportion between 
left ventricular work load and coronary flow and 
(3) acute hypotension from systemic vasodilata- 
tion. This latter may have occurred in F. G. 
who had anginal symptoms during the resting 
study; the patient’s blood pressure was 110/58 
instead of her usual 120/80. . 


CONCLUSIONS 

1. Nine patients with “pure’’ aortic stenosis, 
five with “pure” aortic insufficiency and ten 
with mixed stenosis and insufficiency have been 
studied by cardiac catheterization and corre- 
lated clinical observations. 

2. The “‘critical’’ orifice area in pure stenosis 
was found to be 0.5 cm.?; in mixed stenosis and 
insufficiency, less than 1.5 cm.? With these 
respective degrees of stenosis, left ventricular 
systolic pressure was shown indirectly to be 
elevated to 200-250 mm. Hg, with transvalvular 
pressure gradients of 100-150 mm. Hg. 

3. Because of the large gradient from aorta 
to ventricle in diastole, regurgitant orifice areas 
of no greater than 0.5 cm.? were capable of 
more than doubling total ventricular output 
and work. Increased cardiac rate decreased 
regurgitation. 

4. Although left ventricular stroke work was 
increased at rest (two to four times normal), 
pulmonary capillary diastolic pressure was near 
normal in 80 per cent. On exercise, however, 
this pressure rose in all but one patient. Never- 
theless, total and effective ventricular stroke 
work, output and systolic pressure failed to 
increase and sometimes decreased in most 
patients with stenosis or mixed stenosis and 
insufficiency. The nature of the pressure-flow 
relations at the hydraulic obstruction was such 
that aortic outflow and coronary inflow proba- 
bly could not increase beyond the limit reached 
at rest and hence no more work could be done. 
This was reflected in a progressive decrease in 
stroke output even in patients not in terminal 
failure. Fixed stroke work and decreasing stroke 
output were not observed in patients with “pure” 
insufficiency. 

5. Work-filling pressure relations for the 
right ventricle were usually normal at rest. 
On effort, right ventricular stroke work in- 
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creased, often abnormally, but with a variable 
relationship to rises in filling pressure. 

6. The role of peripheral vasodilatation in the 
life history of patients with aortic insufficiency is 

7. Proper interpretation of blood pressure 
findings in the differential diagnosis of aortic 
stenosis versus insufficiency includes considera- 
tion of the age of the patient, arterial elasticity, 
presence or absence of congestive failure, pres- 
ence or absence of peripheral vasodilatation, 
and the heart rate. 

8. The course of patients with aortic stenosis 
may be conveniently divided into four stages: 
(a) no clinical or physiologic abnormality; (6) 
altered left ventricular work response but no 
clinical abnormality, (c) altered left ventricular 
work response, decreased output, steeply rising 
diastolic filling pressures and clinical symptoms 
of dyspnea, angina and syncope, and (d) termi- 
nal left and right heart failure. 
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Ventricular Septal Defect* 


Clinical and Hemodynamic Patterns 


S. GILBERT BLount, JR., M.D., HELMUT MUELLER, M.D. and Matcotm C. McCorp, .p. 
Denver, Colorado 


HE ventricular septal defect is the last of 

the common congenital cardiovascular 

anomalies to defy corrective surgical 
therapy. The surgical approach to this defect has 
been accomplished in only a small number of 
patients; however, the technical procedures 
now being developed may well permit a suc- 
cessful closure of this defect in the near future.'~* 
Detailed evaluation of the clinical and physio- 
logic characteristics associated with ventricular 
septal defects has become more important, 
therefore, in order that this defect may be 
recognized and the natural history better 
understood. 

The attitude of the medical profession has 
passed through several phases in regard to this 
congenital anomaly. For many years following 
Roger’s® original clinical descriptions a ventric- 
ular defect was regarded as a benign lesion not 
altering the longevity of the patient. Large 
ventricular defects accompanied by cyanosis 
were categorized as Eisenmenger’s complex® and 
were thought to represent a separate anomaly 
characterized by an abnormal position of the 
root of the aorta in relation to the ventricular 
septum. In recent years the term “large, high 
ventricular septal defect” has been introduced to 
distinguish the defects resulting in a sympto- 
matic state with cardiac enlargement, dilatation 
of the pulmonary artery, and — peripheral 
arterial unsaturation.’—® 

It is the opinion of the present unhen that the 
anatomic features of this anomaly are uniform, 
with little or no variation in the location of the 
defect or in the relationship of the aorta to the 
ventricular septum. The degree of hemodynamic 


- derangement and symptomatology is determined 


solely by the size of the defect. Selzer'® likewise 
contends that the size of the defect is of prime 
importance; however, he believes that anatomic 


dextroposition of the aorta does exist in so-called 
Eisenmenger’s complex. 

Published reports of physiologic data pertain- 
ing to patients with ventricular septal defects 
have been limited to small numbers of patients 
and have not demonstrated the wide spectrum 
of clinical and hemodynamic patterns that may 
exist.''~'4 In this communication the clinical 
and physiologic findings of twenty-three patients 
with isolated ventricular septal defects are 
presented. The major phases of the natural 
history of patients with this congenital anomaly 
are reflected in this group. 


MATERIAL AND METHOD 


The diagnosis of isolated ventricular septal de- 
fect was made on clinical grounds in sixty-three 
patients observed during the past three years 
from a total of 580 patients with congenital 
cardiovascular disease. Cardiac catheterization 
was performed in thirty-two of these sixty-three 
patients. The resulting physiologic data un- 
equivocally confirmed the clinical impression in 
twenty-one patients. A rise in the oxygen con- 
tent at the ventricular level was present in all 
twenty-one patients, exceeding 1.0 volumes per 
cent in nineteen patients and 0.8 volumes per 
cent in two patients. No pressure gradient 
existed between the right ventricle and pul- 
monary artery in any case, thus eliminating the 
possibility of associated pulmonic stenosis. The 
studies in the remaining eleven catheterized 
patients with a clinical diagnosis of ventricular 
septal defect did not permit a conclusive diag- 
nosis of isolated ventricular septal defect. The 
rise in oxygen content at the ventricular level 
was less than 0.6 volumes per cent in four pa- 
tients. It is realized that small ventricular defects 
may be manifest by an elevation of oxygen con- 
tent of this magnitude; however, inclusion of 


* From the Cardiovascular Laboratory, Department of Medicine, University of Colorado Medical School, Denver, Col. 
This study was supported by a United States Public Health Service Grant H-1208. 
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these patients was not considered justified. 
The elevation of oxygen content in five in- 
stances was not conclusively limited to the 
ventricular level; thus such associated anomalies 
as atrial septal defects, artrioventricularis com- 
munis or patent ductus arteriosus could not be 
unequivocally excluded. Two studies were un- 
satisfactory owing to technical difficulties. 
Diagnostic evidence of an isolated ventricular 
septal defect was afforded by cardiac catheteriza- 
tion in two patients not considered as ventricular 
defects by clinical evaluation. A diagnosis of 
pulmonary hypertension of unknown origin had 
been entertained in these two patients. Twenty- 
three patients, therefore, presented conclusive 
evidence of an isolated ventricular septal defect 
and represent the basis for the present report. 
Cardiac catheterization was performed in the 
standard manner utilizing Statham strain gauges 
for pressure transducers and Hathaway galva- 
nometers and oscillograph for pressure record- 
ing. The zero point of reference for pressure was 
5 cm. above the table in patients weighing less 
than 20 kg., and 10 cm. in patients weighing 
more than 20 kg. The cardiac output was deter- 
mined on the basis of the Fick principle,'® 
intracardiac shunts were calculated according 
to the formulas presented by Bing'’® and pul- 
monary vascular resistance was calculated by 
means of Aperia’s formula.'’ Blood gases were 
measured by means of the Van Slyke technic. '* 
Respiratory gases were collected in Douglas bags 
and analyzed by Scholander micromethod. 


RESULTS 


Clinical Aspects. The patients in this study 
ranged in age from two to thirty-six years. ‘There 
was a tendency toward greater severity of the 
physiologic alterations with increasing age. 
All adult patients in this group exhibited severe 
pulmonary hypertension. Patients with a mean 
pulmonary artery pressure exceeding 70 mm. Hg 
were over ten years of age with but one excep- 
tion, while thirteen of sixteen patients with 
mean pulmonary arterial pressures less than 
70 mm. Hg were younger than ten years. The 
sex distribution was essentially equal in the 
patients comprising this group. 

A decreased exercise tolerance of varying 
degree was described by patients 1-20, all of 
these patients demonstrating marked pulmonary 
hypertension or large pulmonary blood flows. 
Patients 21, 22 and 23 were entirely asympto- 
matic and noted no limitation of their exercise 
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tolerance. Retardation of growth and failure to 
gain weight normally was reported by twelve 
patients, all of whom have marked derangement 
of their cardiovascular hemodynamic pattern. 
Two of the four patients with a right to left 
shunt had been cyanotic since infancy while the 
remaining two exhibited cyanosis only on exer- 
tion or during respiratory infections. Three 


‘ patients with no evidence of right to left shunts 


at the time of cardiac catheterization also re- 
ported episodes of cyanosis on exertion. Two 
patients had a history of heart failure and were 
maintained on digitalis. Five patients described 
episodes of spontaneous or exertional chest pain, 
and one patient had experienced repeated epi- 
sodes of syncope. A history suggesting an episode 
of rheumatic fever was obtained in only one 
patient, and no patient gave a history suggest- 
ing subacute bacterial endocarditis. 

Physical examination revealed that twelve 
patients were poorly nourished and of fragile 
habitus. Two of the four patients with right to 
left shunts demonstrated cyanosis and clubbing 
of the digits. The chest was asymmetric with 
prominence of the precordium in eleven pa- 
tients. A localized tapping thrust was palpable 
between the mid-clavicular and mid-sternal 
line in the fourth left intercostal space in pa- 
tients 1-6. A hyperdynamic apical impulse was 
palpable in patients 7-20, characteristically 
located at the anterior axillary line in the fifth or 
sixth left intercostal space. A systolic thrill was 
palpable along the left sternal border in fourteen 
patients. A shock was palpable in the left second 
intercostal space in twenty patients, and was 
preceded by a systolic thrust in fourteen patients. 
Auscultation revealed accentuation of the second 
heart sound in the left second intercostal space in 
twenty patients, with fine reduplication of this 
sound in sixteen instances. When reduplication 
of this sound was present, the second element was 
greater in intensity. A systolic murmur of harsh 
or grating quality was audible along the left 
sternal border in all patients, with maximum 
intensity in the third or fourth intercostal space. ~ 
The intensity of this murmur varied from Grade 
2 to Grade 6, being less than Grade 3 in patients 
1-4. A low-pitched, mid-diastolic murmur was 
audible at the apex in twelve patients. Seven 
patients had a high-pitched, blowing, diastolic 
murmur at the base and along the left sternal 
border. 

The electrocardiographic patterns revealed 
high amplitude equiphasic QRS complexes in 
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Fic. 1. Patient 7, K. T. The electrocardiogram demonstrates the presence of high R waves and deep S waves in pre- 
cordial positions V through Vs, a characteristic pattern in patients with ventricular septal defect. 
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Fic. 2. Patient 10, P. G. High amplitude R wave with a delayed intrinsicoid deflection time in precordial position V), 


demonstrating a pattern of right ventricular hypertrophy. 


Fic. 3. Patient 16, K. F. High amplitude R wave (peak marked by arrow) with a delayed intrinsicoid deflection time 
and tall peaked T wave in precordial position Vs, demonstrating left ventricular hypertrophy. 


precordial positions V2 through V; in twenty- 
one patients. This pattern was the most char- 
acteristic finding of the group and was in- 
terpreted as suggesting both left and right 
ventricular hypertrophy. (Fig. 1.) A definite 
right ventricular hypertrophy pattern with a 
delay in the intrinsicoid deflection time exceed- 
ing 0.03 seconds in precordial position V; and 
with reversal of the normal R/S ratio in this 
lead was the predominant electrocardiographic 
feature in nine patients. (Fig. 2.) A definite left 
ventricular hypertrophy pattern could be identi- 
fied in the tracings of twelve patients. (Fig. 3.) 
A partial right bundle branch block pattern 
was present in seven patients. No definite 
conclusions could be made from an analysis of 
the P waves. 

Fluoroscopic examination revealed an in- 


crease in the vascularity of the peripheral lung 
fields in patients 3-20 and was considered to be 
within normal limits in the remaining patients. 
An increase in the size and apparent amplitude 
of the pulsations of the pulmonary artery and its 
main branches was observed in patients 1-20. 
The aorta was normal or decreased in size and 
the amplitude of pulsations within normal limits 
in all patients. The heart size was at the upper 
limits of normal in patients 21, 22 and 23 and 
was increased in the remaining patients. The 
configuration of the ventricular mass suggested 
both left and right ventricular hypertrophy in 
seventeen patients. Forward displacement with 
blunting and uplifting of the cardiac apex 
suggested dominant right ventricular hyper- 
trophy in patients 1-9. (Fig. 4.) Rounding of the 
apex and displacement posteriorly and down- 


AMLRICAN JOURNAL OF MEDICINE 


. 
ae 
| 
ao 
4 


Ventricular Septal Defect—Blount et al. 


ular septal defect. The main pulmonary artery is prominent, with a notch between this s->ment and the 
ventricle in the frontal view. The apex is uplifted, the right atrium is enlarged. The left anterior oblique 
view shows forward enlargement. 
Fic. 5. Patient 16, K. F. The roentgenographic pattern of dominant left ventricular hypertrophy. The apex 
is rounded and falls below the left diaphragmatic leaf in the frontal view. The left anterior oblique view 


demonstrates enlargement posteriorly. 


ward suggested dominant left ventricular hyper- 
trophy in patients 9-19. (Fig. 5.) The right 
atrium was prominent in fourteen patients, and 
there was evidence of enlargement of the left 
atrium in five patients. 

Physiologic Aspects. The results of the cardiac 
catheterization studies are summarized in 
Table 1 in which the patients are arranged in 
the approximate order of severity of the hemo- 
dynamic derangements. The catheter followed 
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a normal course through the right heart cham- 
bers and pulmonary artery in twenty-two 
patients. In one patient, Case seven, the catheter 
was passed through the ventricular defect and 
advanced into the ascending aorta. 

The pressure in the pulmonary artery was 
elevated in all patients, with a wide range in 
the magnitude of elevation. Minimal pulmonary 
hypertension was present in patients 21-23, 
the lowest mean level being 16 mm. Hg. Moder- 
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RESULTS OBTAINED BY CARDIAC CATHETERIZATION 
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TABLE 


IN TWENTY-THREE PATIENTS WITH VENTRICULAR 
SEPTAL DEFECTS 


Pressures duygen Content 2 
(mm. Hg) (cc./L.) (L../min./M?) (L./min./M?) 

1! E. M. |24/150/75/153/79| |...... 4 156.81115.9 [1155.6 03 | 28 2400 
51.5% *169.2%* 

2} W.S. |35/101/69/126/62| 83 127/5 | |113.7/..... 106.7) 129.9 |131.1 |158.3 29 38!) 14/05 970 
73.4% |88.7% 

3] J.G. |26| 93/57|100/57| 72 100/7 | 5 |166.7/192.5|173.0] 180.9 |188.9 |200.1 96 | 2.31 @.2 | 7.7 1225 
69.4% |73.2% 

4| M.S. | 5| 81/52) 83/53) 63| 8 |85/-4| 6 |126.7|..... 114.1/135.2/132.1 11398 | 0.0! 06 | 7.1 2045 
67.0% 171.0% 

5| B.R. |15/112/72/109/73| 85 109/4 | 5 |115.3/136.0/107.5| 145.0 148.7 1175.0 2.61 4.61 2.0 1020 
184.0% (95.0% 

6| W. B. |36|133/83|104/74| 84| 12 |104/6 | 4 |202.0/200.3|194.3| 221.4 |225.8 |313.6 1.2/1 1.5] 0.3 3080 
66.5% |92.3% 

7| K. T. | 4|110/63] 93/54) 70 95/0 | 5 |115.9/118. 3107.3) 141.6|119.9 |161.0 44 | 46] 0.2 1870 
68.3% 191.8% 

R. W. 59 103/3 | 4 131.0 129.0 |162.0 6.71 339 541 
77% (96.0% 

9| R.P. | 8/130/74| 95/48] 63 96/1 | 7 137.6 1140.3 |160.0 45 7.0 515 
79.4% 190.6% 

10| P.G. 76| 12 |114/-5| 7 197.3 |201.5 |216.5 50 58 303 
(84.8% [91.2% 

M.N. |11/105/65| 92/32] 10 | 93/0 | 6 |118.4/134.0/127.5| 152.3 1152.3 |161.4 43 5112) 69 347 
86.3% 191.5% 

12| M. G. |26| 95/70| 83/44) 57) 11 | 83/5 | 4 |103.9/142.0/131.3| 157.1 |151.6 |164.8 4.3 111.6] 7.3 289 
188.5% 196.2% 

13| P.R. | 7] 95/83] 66/45| 52 65/12) 2 157.1 1157.0 |179.3 42) 91) 49 473 
81.0% |93.0% 

14) J.J. 85/56) 56/46) 49 56/2 | 4 |127.7|115.2|134.6| 169.6 |148.2 |184.9 2.71 6.2] 3.8 270 
78.1% |97.4% 

15| R. P. | 6|112/76| 58/40| 43 58/4 | 5 |102.1)..... 97.0| 137.3 141.8 |164.8 2.7 | 7.8] 5.1 652 
86.9% (100% 

16] K. F. 98/64| 56/28] 37 60/0 | 9 |117.0)..... 111.0] 148.8 /153.3 |161.0 4.4 126.9) 225 101 
[89.0% 

17| B. W. | 5/125/64] 69/20] 36] 11 | 76/-2| 3 |118.6/121.8/119.1 142.2 139.9 155.3 59 113.3] 7.4 281 
83.0% (91.8% 

18] J. W. | 6/116/73| 51/29] 36 60/6 | 7 | 139.5 1137.2 1146.0 3.4 | 13.7] 10.3 163 
90.0% |96.0% 

19| P. M. |11/102/78| 50/20} 10 | 58/-2| 2 |122.7/150.9/129.0| 160.4 1161.3 1176.8 42/196! 54 195 
84.7% 192.9% 

P.J. | 45/20] 28 52/1 | 3 |100.3)..... 98.0 124.2 |124.7 156.1 51/93] 42 443 
80.1% |100% 

21| T. H. | 7/108/85 45/18) 27| 12 | 47/4 | 2 147.1 |142.8 |170.2 $5.0 | 2.2 251 
78.0% 193.0% 

22| S.L. | 6|112/76| 37/15| 17| 6 | 42/3 | 2 191.9 34] 41] 0.7 327 
76.5% |101.0% 

23] W. E. | 7/100/61| 35/6 | 16| 6 | 35/-5| 3 |111.4)..... 110.6] 131.5 |129.7 1158.5 170 

* % Saturation 
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Fic. 6. Patient 11, M. N. Pressure recording demonstrating pulmonary hypertension and 


normal “‘pulmonary capillary” pressure. 


ate pulmonary hypertension was recorded in 
patients 11-20, with mean pulmonary arterial 
pressure levels less than 60 mm. Hg in this 
group. Severe pulmonary hypertension existed in 
the remaining patients, with mean levels as 
_ high as 104 mm. Hg. There was a wide variation 
in the pulmonary arterial pulse pressure and 
pulse contour in these patients with no apparent 
correlation with pulmonary blood flow or 
resistance. The pulmonary “capillary” pressure 
was determined in ten patients in whom all 
degrees of pulmonary hypertension were present. 
The pressure recorded at this level was less than 
13 mm. Hg in all instances and was considered 
to fall within normal limits. A typical pulmonary 
arterial and pulmonary “capillary” pressure 
pattern is shown in Figure 6. The right ventric- 
ular diastolic pressure was within normal limits 
in all but one patient. The right atrial pressure 
was elevated in four patients, the rise being the 
result of a prominent a wave. The systemic 
arterial pressure was within normal limits in all 
patients. The systemic systolic pressure was 
exceeded by the systolic pressure in the right 
ventricle and pulmonary artery in patients 1-4. 
The systemic systolic pressure slightly exceeded 
the right ventricular systolic pressure in patients 
5-12 and greatly exceeded this pressure level in 
patients 13-23. 

The oxygen saturation level of the mixed 
venous blood obtained from the right atrium was 
within normal limits or decreased in all pa- 
tients. A rise in oxygen content exceeding 0.8 
volumes per cent occurred at the ventricular 
level in all patients. The magnitude of this rise 
. Was small in patients 21-23 who had minimal 
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pulmonary hypertension, and was also small in 
patients 1-3 who had severe pulmonary hyper- 
tension and markedly elevated pulmonary 
vascular resistance. A considerable increase in 
oxygen content occurred at the ventricular level 
in patients 5-18, with increments as high as 3.5 
volumes per cent. The peripheral arterial oxygen 
saturation was within normal limits for this 
laboratory in patients 5-23. Varying degrees of 
peripheral arterial oxygen unsaturation were 
present in patients 1—4, with a low level of 69 per 
cent in patient 1. 

The calculated left to right shunt was small in 
patients 1—4 and patients 21-23. The largest left 
to right shunts were found in patients 9-18. 
These values ranged from 3.5 L./min./M? 
to 22.5 L./min./M?, with an average of 8 
L./min./M?. Right to left shunts were present 
in patients 1-4, varying in magnitude from 
0.5 L./min./M? to 7.1 L./min./M?. 

The calculated total pulmonary arterial 
resistance was less than 250 dynes/sec./cm.’, 
and considered to be within normal limits in four 
patients. The resistance was between 250 and 
500 dynes/sec./cm.* in ten patients who exhib- 
ited minimal to moderate pulmonary hyper- 
tension. Marked elevation of the pulmonary 
vascular resistance was present in patients 1-7 
with levels exceeding 1,000 dynes/sec./cm.* 
Patients 9-12 exhibited marked monn exert 
hypertension not associated with greatly ele- 
vated pulmonary vascular vere 

The pulmonary “capillary” was 
within normal limits in all patients in whom this 
value was determined. The increase in total 
pulmonary arterial resistance was therefore 
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attributable in its entirety to elevation of the 
so-called pulmonary arteriolar resistance. 


COMMENTS 


Clinical Aspects. There were no features in the 
histories of these patients with ventricular septal 
defects that were considered to be of diagnostic 
value. The symptomatology was that of any 
cardiac anomaly giving rise to a left to right 
shunt. These characteristics consisted mainly of 
a tendency to frequent respiratory infections, 
feeding problems in infancy and a tendency to 
retarded development, all most prominent 
during the first few years of life. There was 
but slight limitation of exercise tolerance in these 
patients; fatigue and dyspnea were manifested 
only on vigorous or sustained effort. The pa- 
tients without symptoms were found to have 
normal or minimal elevation of pulmonary 
artery blood flow and pulmonary artery pres- 
sure. There were no distinguishing features in 
the symptomatic group differentiating those 
patients with large pulmonary blood flow and 
moderate pulmonary hypertension from the 
patients with marked pulmonary hypertension 
and relatively low pulmonary blood flow. Chest 
pain and syncope were attributed to pulmonary 
hypertension and thus were of no specific 
diagnostic value. 

The physical examination revealed findings 
strongly suggesting the diagnosis of a ventricular 
septal defect in the majority of these patients, 
and often permitted an approximation of the 
altered hemodynamic pattern. An active or 
hyperdynamic apical thrust to the left and below 
the area of the normal apical impulse, indicative 
of left ventricular enlargement, was frequently 
present in patients with large left to right shunts 
and only moderate pulmonary hypertension. 
On the other hand, patients with marked pul- 
monary hypertension and small left to right 
shunts had a more localized heaving type of 
apical impulse in the fourth left intercostal 
space within the mid-clavicular line. 

The intensity of the second heart sound in the 
left second intercostal space correlated roughly 
with the degree of pulmonary hypertension. 
Reduplication of this sound, indicating asynchro- 
nous closing of the aortic and pulmonic valves, 
was of hemodynamic significance and the greater 
intensity of the second element correlated well 
with elevated diastolic pressure within the 
pulmonary artery. The intensity of the harsh 
systolic murmur along the lower left sternal 
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border reflected the magnitude of the systolic 
pressure gradient between the left and right 
ventricles. The intensity of the murmur was 
decreased in patients with marked systolic 
pressure elevation in the pulmonary artery and 
right ventricle, as the pressure gradient between 
the two ventricles was thus decreased. A diag- 
nosis of a ventricular septal defect was difficult 
or impossible to establish on clinical grounds in 
these patients, and a diagnosis of right ventric- 
ular hypertrophy and pulmonary hypertension 
was the extent of the clinical appraisal. The 
presence of a mid-diastolic murmur at the apical 
area was of value in appraising the magnitude 
of the left to right shunt. This murmur was 
interpreted as representing functional mitral 
stenosis, arising as a result of a greatly increased 
blood flow through a normal mitral valve 
orifice. Dilatation of the left ventricular cavity 
with rapid ventricular filling may also be a factor 
in the genesis of this murmur. The presence of a 
high-pitched, blowing diastolic murmur along 
the left sternal border was associated with a 
considerable increase in pulmonary artery pres- 
sure or blood flow. This murmur has been 
interpreted as indicating a functional insuffi- 
ciency of the pulmonic valve as a result of dilata- 
tion of the pulmonic valve ring. However, this 
auscultatory phenomenon may also result from 
aortic insufficiency in patients with ventricular 
septal defects owing to the inadequate support 
of the aortic valve cusps or actual involvement 
of the cusps produced by the large defect 
involving the membranous septum. 

The electrocardiogram was found to be a 
diagnostic aid and of significance in estimating 
the magnitude of the physiologic abnormalities. 
A normal electrocardiogram in a patient with 
auscultatory evidence suggesting a ventricular 
septal defect indicated an absence of significant 
pulmonary hypertension and an absence of 
significant increase in pulmonary blood flow. 
The presence of high amplitude equiphasic QRS 
complexes in the mid-precordial positions was a 
characteristic feature of the electrocardiogram 
in patients with ventricular septal defects. This 
finding in itself was interpreted as suggesting 
hypertrophy of both ventricles. A definite left 
ventricular hypertrophy pattern was associated 
with large left to right shunts in the absence of 
severe pulmonary hypertension. This is in 
accord with the concept that the left ventricle is 
subject to a greater work load than the right 
ventricle in the presence of a left to right shunt 
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at the ventricular level. The upright T waves in 
the levocardiogram, often of high amplitude, 


arteries was normal in patients with normal or 
only slightly increased pulmonary blood flows. 


(Fig. 3) have been described as characteristic of | The amplitude was increased in patients with 
diastolic left ventricular stress in contrast to the either large pulmonary flow or with marked 
inverted T waves seen with left ventricular pulmonary hypertension. It has become in- 
hypertrophy associated with lesions producing creasingly apparent that it is most difficult to 
systolic stress.*° The dominance of a right distinguish actual expansile pulsations in the 
ventricular hypertrophy pattern in the pre- pulmonary arteries as seen in large left to right 
cordial leads in patients with ventricular septal shunts from the increase in lateral motion of the 
defects was associated with marked pulmonary arteries observed in patients with 
hypertension and left to right shunts of small § marked pulmonary hypertension and small or 
magnitude. This finding was therefore con- absent left to right shunts. This latter phenom- 
sidered to suggest a late stage in the natural enon is considered to result from the forceful 


course of the disease. 

The fluoroscopic examination also permitted a 
rough evaluation of the hemodynamic status. A 
normal heart size with a normal cardiac con- 
figuration was present in patients without 
pulmonary hypertension and with small left to 
right shunts. Cardiac enlargement was present 
in all patients demonstrating a significant 
increase in pulmonary blood flow or pulmonary 
artery pressure. Enlargement of the left ventricle 
was a prominent fluoroscopic finding in patients 
with large left to right shunts. Left and right 


ejection of blood from the right ventricle under 
high pressure striking the pulmonary artery at 
the bifurcation. It was therefore not possible to 
correlate the magnitude of the left to right shunt 
with the apparent amplitude of pulsations in 
the pulmonary arteries. 

Physiologic Aspects. Analysis of the physiologic 
data derived from this group of patients leads to 
the conclusion that the size of the ventricular 
defect is the sole factor determining the clinical 
picture. 

The physiologic findings noted in patients 1-4 


ventricular enlargement, often with dominance are compatible with the congenital anomaly 
of the latter, was seen in patients with marked that has been designated the Eisenmenger’s 
pulmonary hypertension. In patients with severe complex; namely, the presence of a systolic 
pulmonary hypertension and minimal to absent __ pressure in the right ventricle and pulmonary 
left to right shunts there may be no definite_ artery equal to or exceeding that in the systemic 
evidence of left ventricular enlargement by _ circuit, thereby resulting in a right to left 


fluoroscopy. The presence of predominant right 
ventricular enlargement or hypertrophy indi- 
cates a late stage in the natural history of this 
defect. The left atrial enlargement was at- 
tributed to dilatation of this chamber as a result 


shunting of blood. Inclusion of these patients in a 
study of isolated ventricular septal defects might 
therefore be subject to question. However, an 
evaluation of all clinical and hemodynamic data 
does not permit any distinction between physio- 


of the increased volume of blood flow returning _logic overriding and anatomic dextroposition of 
from the lungs. Right atrial enlargement was __ the aorta, the latter being one of the require- 
considered to reflect the hypertrophy of this , ments for establishment of the diagnosis of 
chamber resulting from an increased work load = Eisenmenger’s complex. We prefer, therefore, to 


produced by the hypertrophy of the right 
ventricle. The vascularity of the lung fields was a 
valuable aid in estimating the magnitude of the 
pulmonary flow. There was no increase in the 
peripheral lung vascularity in the patients with 
small left to right shunts, and a considerable 
increase in the vascularity in the patients with 
large left to right shunts. The patients with 
marked pulmonary hypertension and relatively 
small left to right shunts often showed little or 
no increase in the vascularity of the peripheral 
lung fields, in contrast to the large pulmonary 
vessels at the hilum. The amplitude of pulsa- 
tions of the right and left main pulmonary 
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think of the Eisenmenger complex not as an 
anatomical entity but as a stage in the natural 
history of the ventricular septal defect. 
Evaluation of the hemodynamic data of pa- 
tients 5-8 lends further support to this concept. 
These patients had marked pulmonary hyper- 
tension, closely approximating the systemic 
pressure, with extremely high pulmonary vascu- 
lar resistances. The hemodynamic pattern of this 
group of patients differed from that in patients 
1-4 only by the absence of a definite right to left 
shunt at the time of catheterization. However, 
cyanotic episodes with exertion were reported 
in three of these latter patients indicating inter- 
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mittent right to left shunts. Thus the physiologic 
changes in these two groups of patients differ 
only in degree. The progressive increase in pul- 
monary vascular resistance producing a tran- 
sient or sustained right to left shunt is the sole 
determining factor governing peripheral arterial 
unsaturation. It is not necessary to include the 
concept of dextroposition of the aorta in an 
appraisal of the clinical patterns in patients with 
this lesion. Moreover, Eisenmenger® pointed out 
that in the presence of large ventricular defects 
a normally situated aorta may overlie the right 
ventricle to some extent. 

The physiologic data obtained in patients 
11-20 present a distinctly different hemo- 
dynamic pattern characterized by moderate 
pulmonary hypertension and greatly increased 
pulmonary artery blood flow. This increased 
pulmonary blood flow is primarily responsible 
for the pulmonary hypertension in these pa- 
tients as calculation of the pulmonary vascular 
resistance yielded normal to slightly increased 
values. These patients have relatively large 
ventricular septal defects but have not as yet 
developed changes decreasing the cross sectional 
area of the pulmonary vascular bed. Such 
changes may occur as the disease progresses, 
the patient ultimately presenting a clinical and 
physiologic picture similar to that of the first 
two groups. 

The last three patients, 21-23 of this series, 
comprise still another group differing greatly 
from the other patients in that they show little 
derangement from a normal hemodynamic 
pattern. The left to right shunt was of small 
magnitude with but slight increase over normal 
in the pulmonary blood flow. This status 
existed despite a high pressure gradient between 
the left and right ventricles. The pulmonary 
artery blood pressure was but slightly increased 
in this group of patients, and the calculated 
pulmonary vascular resistance was normal or 
but slightly increased. The factor limiting the 
pulmonary blood flow in these patients is the 
size of the ventricular septal defect. The resist- 
ance regulating the magnitude of the pulmonary 
blood flow is at the ventricular level in contrast 
to the patients discussed in the previous groups, 
in whom the limiting factor to pulmonary blood 
flow was the capacity of the pulmonary vascular 
bed and not the size of the defect. 

The pulmonary vascular resistance gradually 
increases in patients with congenital anomalies 
resulting in large left to right shunts. However, 
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many patients with greatly increased pulmonary 
blood flow maintain normal pulmonary vascular 
resistance and normal pulmonary arterial 
pressure for many years. The fact that patients 
with ventricular septal defects develop pul- 
monary hypertension with greater regularity 
than patients with atrial septal defects is of 
considerable interest. It would appear that the 
magnitude of the pulmonary blood flow is not of 
primary importance in the development of 
pulmonary hypertension, as patients with atrial 
septal defects have pulmonary flows at least 
equal to those in patients with ventricular septal 
defects. The force of ejection of blood into the 
pulmonary arterial tree may be an important 
factor in the development of the vascular 
changes and resulting pulmonary hypertension. 
The anatomy of the ventricular septal defect is 
such that the shunted flow of blood enters the 
main pulmonary artery under the ejectile force 
of contraction of the left ventricle, while in the 
atrial septal defect the shunted volume of blood 
enters the pulmonary artery under a normal or 
but slightly elevated right ventricular pressure. 
The effect of the increased force of blood in 
patients with ventricular septal defects may 
well be a determining factor in the development 
of structural changes in the pulmonary vascular 
bed. 
The patient with a ventricular septal defect 
who develops pulmonary hypertension early in 
life requires further elucidation. These patients 
have a systolic pressure in the right ventricle and 
pulmonary artery equal to that in the aorta. A 
congenital defect in the pulmonary vasculature 
that results in pulmonary arteriolar changes and 
marked pulmonary hypertension has_ been 
postulated. However, there is no satisfactory 
basis for this hypothesis. The following hypoth- 
esis is presented as a more probable explana- 
tion for the development of increased pulmonary 
vascular resistance and the resulting pulmonary 
hypertension in these patients. The studies of 
Civin and Edwards have suggested that at birth 


the wall-to-lumen ratio in the pulmonary — 


arterioles is greatly reduced, and that this in 
part accounts for the elevated pulmonary 
resistance existing during fetal life.?! They have 
also shown that following birth in normal infants 
there is progressive regression of the medial 
thickening with a resulting increase in the wall- 
to-lumen ratio to normal levels at about the 
sixth month of life. The presence of a large 
ventricular septal defect and a normal pul- 
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monary vascular resistance would result in such 
large left to right blood flows that the systemic 
flow would be inadequate to maintain life. 
The fact that some of these patients survive 
indicates that changes occur in the pulmonary 
vascular bed resulting in increased pulmonary 
vascular resistance with decreased pulmonary 
flow and a consequent adequate systemic blood 
flow. The mechanisms responsible for these 
changes have not been established. The trauma 
produced by blood entering the pulmonary 
vascular bed under the force of left ventricular 
ejection may be responsible for the persistence of 
_ the fetal pattern of medial thickening. The 
pulmonary vascular resistance remains elevated 
as a result of this persistent medial thickening, 
thus limiting the magnitude of pulmonary flow 
and assuring adequate systemic flow. Once 
established, the high pulmonary artery pressure 
may result in further structural changes in the 
pulmonary vasculature and thereby lead to 
progressive increase in the pulmonary vascular 
resistance. 

The magnitude of the flow from the left 
ventricle through the septal defect is dependent 
upon the size of the defect and its relationship 
to the size of the aortic orifice.'®:?? Small defects 
result in adequate resistance to flow so that a 
normal pressure differential exists between the 
two ventricles and the flow through the defect 
is small. Large defects do not result in adequate 
resistance to flow at the septal level but the 
factor governing the volume of pulmonary 
blood flow is the resistance of the pulmonary 
vascular bed. This peripheral compensatory 
mechanism limiting pulmonary blood flow 
operates at the expense of increased right 
ventricular work. 


SUMMARY AND CONCLUSIONS 


The clinical and hemodynamic data of twenty- 
three patients with ventricular septal defects are 
presented. 

_ The data indicate that the size of the ventric- 
ular defect constitutes the major anatomic 
variable in this anomaly and determines the 
resultant clinical and hemodynamic pattern. 

No surgical measures are indicated in patients 
with small ventricular septal defects, in whom 
there is no significant pulmonary hypertension 
and left to right shunts are of small magnitude. 
Patients with large defects presenting severe 
pulmonary hypertension, marked increase in 
pulmonary vascular resistance and left to right 
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or right to left shunts of small volume probably 
have passed the stage where closure of the 
ventricular defect would produce significant 
beneficial results. The ideal candidates for 
closure of ventricular septal defects are therefore 
patients presenting mild to moderate pulmonary 
hypertension, slight to moderate increase in 
pulmonary vascular resistance and left to right 
blood flow of high magnitude. 
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Anomalous Drainage of Pulmonary Veins’ 


Clinical, Physiologic and Angtocardiographic Features 


GONZALO SEPULVEDA, M.D.,f Danie S. LuKAs, M.D. and IsRAEL STEINBERG, M.D. 


New York, New York 


of pulmonary veins from the right lung 


into the inferior vena cava by angio- 


T: demonstration of anomalous drainage 


cardiography and cardiac catheterization was 
first reported in 1949.'-? Since then many publi- 
cations have indicated that the diagnosis not 
only of partial but also of total pulmonary 
venous anomalies can be made.*—'* The cases 
reported herein emphasize the high degree of 
accuracy in diagnosis and location of the site of 
the anomalous insertion afforded by complete 
clinical, physiologic and angiocardiographic 
studies. We believe such studies are prerequisite 
to selection of patients for corrective surgery. 


PARTIAL ANOMALOUS PULMONARY VENOUS 
DRAINAGE 

Case 1. Drainage of Right Pulmonary Veins into 
Inferior Vena Cava: A fifty-five year old shoe sales- 
man was referred to The New York Hospital 
because of unusual findings in a routine chest 
x-ray. The patient had had a long history of 
gastrointestinal complaints due to a duodenal 
ulcer. There were no cardiorespiratory symp- 
toms. The patient was well developed and 
nourished. Physical examination was . normal 
except for a blood pressure of 190/100. The 
electrocardiogram showed normal sinus rhythm, 
slight left axis deviation and ST-T changes that 
were interpreted as being due to early left 
ventricular hypertrophy. The intrinsicoid de- 
flection was 0.02 sec. in Vi, QRS was 0.09 sec. 
Fluoroscopy and conventional roentgenograms 
of the chest revealed multiple-branching vascu- 
lar channels in the right lung which increased in 
size from above downward and converged 
towards the cardiohepatic angle. (Fig. 1.) In the 
angiocardiogram at time of filling of the left 


atrium the broad crescent-shaped shadow was 
clearly revealed to be a right pulmonary vein, 
which appeared to descend through the dia- 
phragm to insert into the inferior vena cava. 
(Fig. 2B.) The left pulmonary arterial tree was 
normal while the right was distorted and seemed 


Fic. 1. Case 1. Teleoroentgenogram illustrates the char- 
acteristic crescentic, broad, multibranching anomalous 
vein adjacent to the right cardiac border. Note its 


less developed. (Fig. 2A.) The right atrium was 
slightly enlarged but the other chambers were 
normal. 

Comment. This is one of three cases of 
anomalous drainage of right pulmonary veins 
into the inferior vena cava that have been en- 
countered at this Center. Two formed the basis 
of an early report.' The patients presented 
characteristic roentgenographic findings which 
readily suggested the diagnosis. 

Case 1. Drainage of Right Pulmonary Veins 
into Right Atrium with Interatrial Septal Defect and 


* From the Departments of Medicine and Radiology and the Cardio-Pulmonary Laboratory of The New York 
tiospital-Cornell Medical Center. Aided by grants from the Mallinkrodt Chemical Works and The New York Hospital- 
Corn.il Medical Center Research Fund, and Grant No. H-1810, National Heart Institute, Public Health Service. 

t Fellow of the Rockefeller Foundation from University of Chile, Santiago, Chile. 
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Fic. 2. Case 1. Angiocardiograms. A, at 3 seconds the right atrium is slightly enlarged. The right pulmonary arterial 
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tree is distorted and the arterial circulation of the right lung is decreased. B, at 8 seconds the aberrant right pul- 
monary vein is opacified and drains into the inferior vena cava. The left ventricle and aorta are also opacified. 


Fic. 3. Case 1. Teleoroentgenogram shows “tipping 
up” of the left cardiac contour and prominence of the 
pulmonary artery. The blood vessels in the right lung 
(especially at the base) are prominent. 


Pulmonic Stenosis: A fourteen year old schoolboy 
was admitted on June 18, 1953. He had had a 
heart murmur since infancy but had been com- 
pletely asymptomatic and without restriction of 
physical activity. Physical examination revealed 
a well developed and nourished boy with pulse 
rate of 72 and blood pressure of 120/60. The 
heart was not enlarged, the point of maximum 
impulse was at the fifth left interspace in the 
mid-clavicular line. A loud, harsh, rumbling 


systolic murmur was heard over the entire 
precordium, loudest in the third intercostal 
space to the left of the sternum and was trans- 
mitted to the neck and back. There was no 
cyanosis or clubbing of the fingers or toes. 
Laboratory examination revealed the follow- 
ing: The erythrocyte count was 5.4 m./cu. mm.; 
hemoglobin 15.8 gm./100 cc. The electrocardio- 
gram showed right ventricular hypertrophy. 
There was an rsR’ pattern in Vj, (intrinsicoid 
deflection, 0.05 sec.) and the S wave was promi- 
nent in V; to V¢. Fluoroscopy and conventional 
roentgenography showed slight right ventricular 
and pulmonary artery enlargement. (Fig. 3.) 
During cardiac catheterization (Table 1) the 
catheter passed from the right atrium at its 
juncture with the superior vena cava directly 
into a right pulmonary vein, from which a low 
pressure and a blood sample with an oxyhemo- 
globin saturation of 96.2 per cent were obtained. 
An interatrial septal defect (? foramen ovale) 
was demonstrated when a loop of catheter 
slipped from the right atrium to the left atrium. 
A marked gradient of systolic pressure across 
the pulmonic valve indicated a definite pulmonic 


stenosis. Despite the stenosis the pulmonary 


blood flow was greater than normal. The 
peripheral arterial oxyhemoglobin saturation 
was lower than the saturation of the pulmonary 
venous blood because of a small right-left shunt 
through the atrial defect. The increase in right 
ventricular blood oxygen content was thought to 
represent incomplete mixing of the shunt 
stream, although an associated interventricular 
septal defect could also account for this finding. 
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Angiocardiography was performed at another 
hospital on February 8, 1951. The films were 
reviewed and showed a constant filling defect 
in the outer mid-portion of the right atrium just 
below the superior vena cava. The right ventricle 
was quite large but the pulmonary artery 


TABLE | 
DATA OBTAINED BY CARDIAC CATHETERIZATION-——CASE Il 
Blood Pressures 
_— Oxygen (mm. Hg) 
Content | Systolic/Diastolic 
(Vol. %) (Mean) 
Pulmonary 16.9 24/11 
(16) 
Right ventricle (inflow tract)....... 20.1 103/11 
Right 17.9 (5) 
Pulmonary vein. 20.6 (5) 
Pulmonary “‘capillary”............ (5) 
Arterial oxygen capacity, vol. %.. 21.6 
Arterial oxyhemoglobin saturation, %.......... 92.9 
blood flow, L./min./sq. M., B.S.A................ 3.76 
Pulmonary blood flow, L./min./sq. M., B.S.A.............. 4.38 
Left-right shunt, L./min./sq. M., B.S.A..................-- 1.43 
Right-left shunt, L./min./sq. M., B.S.A................55. 0.53 
Pulmonary vascular resistance, dynes-eec-cm 138 
Body surface area (B.S.A.) in sq. M...... 1.45 


and main branches were only slightly enlarged. 
The left atrium was normal in size and became 
opacified early (4 seconds). The left inferior 
pulmonary vein formed a common trunk that 
dra‘ned into the left lower corner of the left atrium 
but no right pulmonary veins could be identified. 

Comment. This case is of interest because of 
the pulmonic stenosis which has been rarely 
observed in association with partial anomalous 
pulmonary venous drainage. The filling defect 
in the right atrium seen in the angiocardiogram 
corresponded to the point at which the.catheter 
entered the anomalous pulmonary vein. The 
right pulmonary veins could not be seen but 
left atrial filling via left pulmonary veins was 
recognized and established the diagnosis of 
partial right pulmonary venous drainage. 

Case 11. Left Pulmonary Venous Drainage into 
Left Innominate Vein: Rheumatic heart disease and 
mitral stenosis: A twenty-nine year old paint 
sprayer was admitted on March 8, 1954. He 
gave a history of easy fatigability since childhood. 
At the age of fifteen he had an attack of rheu- 
matic fever and a cardiac murmur was first 
heard at the age of twenty-one. At twenty-seven 
arthralgia and fever developed and subsided in 
two weeks. Two years prior to admission a 
diagnosis of aortic aneurysm was made_at_an- 
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other hospital and wrapping of the lesion with 
cellophane was planned. While undergoing 
anesthesia hypotension and acute pulmonary 
edema developed. The operation was abandoned 
after the skin incision was made. He was 
digitalized, recovered and remained fairly well 
until three months before admission, when he 
discontinued digitalis. Dyspnea, cough, occa- 
sional bloodstreaking of sputum and slight 
ankle edema developed thereafter. 

Physical examination revealed a well devel- 
oped but slightly undernourished man in no 
discomfort. Blood pressure was 115/76. The 
rhythm was regular and the heart was enlarged. 
A harsh, loud, systolic murmur and a soft, 
rumbling, diastolic murmur were heard at the 
apex. A short, loud, high-pitched systolic mur- 
mur was also present in the third intercostal 
space along the left sternal border. The second 
pulmonic sound was accentuated and louder 
than the second aortic sound. There was no 
cyanosis, Clubbing or edema of the extremities. 

Laboratory data were as follows: erythrocytes, 
4.8 m./cu. mm.; hemoglobin, 16.5 gm./100 cc.; 
hematocrit, 49 per cent. The electrocardiogram 
showed right ventricular hypertrophy with an 
rsR’ pattern in V; (intrinsicoid deflection, 0.06 
sec.). The P waves were broad and notched. 

Conventional x-ray and fluoroscopy of the 
chest revealed a large heart with marked promi- 
nence of the right atrium, right ventricle and 
main pulmonary artery. There were large 
gently pulsating supracardiac and left hilar 
shadows. (Fig. 4.) The pulmonary artery and 
branches pulsated vigorously. Angiocardiog- 
raphy revealed an irregular deformity in the 
inferior border of a very dilated left innominate 
vein. (Fig. 5A and B.) Later films showed this 
area to be the site of entry of a large common 
channel which drained the left pulmonary 
veins. (Fig. 5C and D.) The right pulmonary 
veins were large and entered the left atrium in a 
normal manner. The left atrium was visualized 


- at 8 seconds, and was 51 sq. cm. in area as 


compared to the normal of 27.4 + 4.4 sq. cm. 
The superior vena cava, right atrium, right 
ventricle, pulmonary artery and its branches 
were considerably enlarged. 

During cardiac catheterization the tip of the 
catheter was seen to enter the left upper medias- 
tinal mass via the left innominate vein and blood 
samples high in oxygen saturation were ob- 
tained. The pressure in this pulmonary venous 
trunk was 7 mm. Hg whereas the “capillary” 
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Fic. 4. Case m1. Teleoroentgenogram shows an en- 
larged heart with prominent supracardiac, hilar and 
mediastinal structures. 


pressure in the right lung was 20 mm. Hg. In the 
absense of constrictive pericarditis or left 
ventricular failure the elevated pulmonary 
“capillary” pressure was thought to be good 
evidence of the presence of mitral stenosis. 
Considerable pulmonary arterial hypertension 
was present. Blood flow through each lung 
was almost identical and the vascular resistance 
of the left lung was definitely greater than the 
resistance of the right lung. The calculated 
mitral valve area was 1.6 sq. cm. (Table 1.) 

At mitral valvuloplasty (performed by Dr. 
Frank Glenn) a very stenotic mitral valve with 
a circular aperture 0.5 cm. in diameter and 
without calcification was found and was suc- 
cessfully fractured with the finger. The large left 
common venous channel was observed but its 
course and connections could not be readily 
traced. Microscopic study of the amputated 
left auricular appendage revealed the presence 
of several Aschoff bodies. A biopsy of the lingula 
of the left lung showed normal alveolar walls 
with pigment-laden macrophages in the alveolar 
spaces and slight thickening of the walls of the 
blood vessels. 

The patient made an uneventful postopera- 
tive recovery and is being followed in the out- 
patient department. In the ensuing two months 
dramatic symptomatic improvement occurred 
and the patient has returned to full time work. 
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Comment. There are several unusual features 
in this case. The roentgenographic appearance 
of the heart and large vessels was identical 
with that commonly found in total anomalous 
pulmonary venous drainage into the left 
innominate vein and that diagnosis was made 


TABLE 
DATA OBTAINED BY CARDIAC CATHETERIZATION——CASE III 
Blood Pressures 
D Oxygen (mm. Hg) 
Content | Systolic/Diastolic 
(Vol. %) (Mean) 
Pulmonary artery................. 18.4 64/28 
(41) 
Right ventricle (inflow tract)....... 19.4 69/6 
Right atrium....... 17.3 (5) 
Superior vena cava............... 
Pulmonary vein (left)............. 20.7 (7) 
Pulmonary “‘capillary” (right)... ... (20) 
Arterial oxygen capacity, vol. 21.8 
Arterial oxyhemoglobin saturation, .............. 94.9 
Systemic blood flow, L./min./sq. M., B.S.A......... 3.25 
Pulmonary blood flow, L./min./sq. M., B.S.A....... 6.56 
Left-right shunt, L./min./sq. M., B.S.A............. 3.21 
Pulmonary vascular resistance, dynes-sec-cm. ~> 
Right lung........ 311 
Left lung......... 526 


clinically. Cardiac catheterization conclusively 
demonstrated, however, that the anomalous 
drainage was from the left lung only and that 
mitral stenosis, for which clinical evidence was 
equivocal, was also present. The angiocardio- 
graphic study corroborated the diagnoses. The 
rheumatic etiology of the valvular lesion was 
strongly suggested by the finding of Aschoff 
bodies in the atrial appendage. Only one other 
case of mitral stenosis and anomalous pulmonary 
vein has been reported previously.'* 

Mitral valvuloplasty was performed with the 
expectation of reducing the venous hypertension 
in the normal lung and decreasing recirculation 
of blood in the anomalously draining lung. 
Since the chance of re-establishing completely 
normal mitral valvular function was thought to 
be small, transplantation of the anomalous vein 
to the left atrial appendage was deemed in- 
advisable because of the possibility of overload- 
ing the valve. 


COMPLETE ANOMALOUS PULMONARY VENOUS 
DRAINAGE 


Case 1v. Total Drainage of Pulmonary Veis 
into Right Atrium, Interatrial Septal Defect and Mild 
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Fic. 5. Case m. Angiocardiograms. A, at 1'4 seconds an enlarged left innominate vein and superior vena cava 
are opacified. Note the irregular contour of the under surface of the left innominate vein, the site of insertion of | 
the anomalous pulmonary vein. B, tracing of A. C, at 8 seconds the right pulmonary veins drain into the en- 
larged left atrium whereas the left pulmonary veins enter a broad channel (persistent left superior vena cava) 
The left innominate vein and superior vena cava are reopacified. D, tracing of C. 
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Fic. 6. Case 1v. Teleoroentgenogram shows marked 
enlargement of the right atrium, right ventricle and 
pulmonary artery. The pulmonary vessels are in- 
creased in size and number, particularly at the right 
base. 


Pulmonic Stenosis: A twenty-eight year old white 
chemist was admitted on June 16, 1953 com- 
plaining of dyspnea of eighteen years’ duration. 
A heart murmur was heard soon after birth. 
Cyanosis and clubbing of the fingers and toes 
had been present for as long as the patient could 
recall. Dyspnea on moderate exertion began at 
the age of ten and had increased in severity dur- 
ing the few years before admission. A year 
prior to admission he had had an attack of 
tachycardia which was controlled by oral 
medication. Physical examination revealed a 
well developed and nourished male with a pulse 
rate of 100 and blood pressure of 130/100- 
145/110. Marked cyanosis was evident and the 
fingers and toes were clubbed. The heart was 
enlarged; the first mitral sound was loud and 
snapping and the second pulmonic sound was 
greater than the second aortic sound. A grade 
11 blowing systolic murmur, loudest in the 
second left intercostal space, was present over the 
precordium and interscapular area and was 
accompanied by a systolic thrill. 
Laboratory data were as follows: ery 

8.9 m./cu. mm.; hemoglobin, 24 gm./100 cc. 
The electrocardiogram showed right ventricular 
hypertrophy and incomplete right bundle 
branch block, i.e., rsR’ complex in V; with 
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intrinsicoid deflection of 0.04 sec. The S wave 
was prominent in V2 to V¢, and P, was tall and 
peaked. The rhythm was normal and QRS time 
was 0.08 sec. 

Conventional roentgenography (Fig. 6) and 
fluoroscopy disclosed an enlarged heart. The 


TABLE m1 
DATA OBTAINED BY CARDIAC CATHETERIZATION-~—-CASE IV 
Blood Pressures 
Da Oxygen (mm. Hg) 
ta Content | Systolic/Diastolic 
(Vol. %) (Mean) 
(106) 
Pulmonary artery................. 31.2 27/15 
(18) 
Right ventricle (outflow tract). ..... 32.4 57/6 
Right ventricle (inflow tract)....... 
32.8 (4) 
Superior vena cava............... 
Arterial oxygen capacity, vol. %.. 4.8 
Arterial oxyhemoglobin saturation, %........ 85.4 
Systemic blood flow, L./min./sq. M., B.S.A................. 3.33 
blood flow, L./min./sq. M., B.S.A............... 7.66 
Left-right shunt, L./min./sq. M., B.S.A..... 5.79 
Right-left shunt, L./min./sq. M., B.S.A.... 3.33 
Pulmonary vascular resistance, dynes-sec-cm.~*. ............ 77 
Body surface area (B.S.A.) in sq. M. .. 1.90 


right atrium, right ventricle and main pulmo- 
nary artery were prominent. The _ lung 
vasculature was markedly prominent, partic- 
ularly at the right hilum and right lower cardiac 
border. In the early films of the angiocardio- 
gram a large and constant filling defect appeared 
in the right atrium. (Fig. 7.) 

Cardiac catheterization (Table m) demon- 
strated a 7.8 volume per cent increase in oxygen 
content of right atrial blood as compared 
with superior vena caval blood. No other evi- 
dence of left-right shunt was found. The arterial 
oxyhemoglobin saturation was subnormal and 
slightly lower than that of the pulmonary 
arterial blood. The appearance of T-1824 dye at 
the right ear in 4.5 seconds after injection into 
the right atrium, as compared to 8.5 seconds — 
and 9.5 seconds after injection into the right 
ventricle and pulmonary artery, respectively, 
indicated the presence of an interatrial septal 
defect with a right-left shunt. A 30 mm. Hg 
systolic pressure decrement from right ventricle 
to pulmonary artery was observed to occur 
sharply at the pulmonic valve and was at- 
tributed to valvular pulmonic stenosis. The 
pulmonary blood flow was slightly greater 
than twice the systemic flow, which was 
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Fic. 7. Case 1v. Angiocardiogram. A, at two seconds there is a filling defect of the right atrium due to blood 


flow from anomalous pulmonary veins. B, tracing of A. 


Comment. This case illustrates that a battery 
of studies may be necessary to establish the com- 
plete diagnosis. Cardiac catheterization yielded 
results pathognomonic of total anomalous pul- 
monary venous drainage, i.e., similar oxygen 
contents in pulmonary arterial and systemic 
arterial blood and interatrial septal defect with 
right-left shunt. It remained for the angio- 
cardiogram to demonstrate the site of anomalous 
insertion to be the right atrium. 

Case v. Total Drainage of Pulmonary Veins into 
Superior Vena Cava and Right Atrium: Interatrial 
sepial defect: A sixteen year old white schoolgirl 
was admitted on December 20, 1953, because of 
tiredness and dyspnea after climbing two flights 
of stairs. Her infancy and childhood were un- 
eventful until the age of five years when a mur- 
mur of the heart was heard and rheumatic 
fever suspected. She was then not allowed to 
engage in strenuous activities. Physical exam- 
ination showed a well developed and nourished 
patient without cyanosis or clubbing. There was 
a moderate precordial bulge of the thoracic 
cage. The blood pressure was 114/64. A systolic 
thrill was felt in the pulmonic area and a moder- 
ately loud, rough systolic murmur was heard 
in the second and third left intercostal spaces. A 
short, early, soft, diastolic murmur was also 
heard along the left sternal border in the region 
of the second to fourth interspaces. The second 
pulmonic sound was split and of normal intensity. 
June, 1955 


Fic. 8. Case v. Teleoroentgenogram shows enlarged 
heart with prominent pulmonary artery. The lung 
vessels are numerous. The oblique vessel (arrow) 
adjacent to right atrium is an anomalous pulmonary 
vein. 


Laboratory data were as follows: erythrocytes 
5.2 m./cu. mm.; hemoglobin, 11 gm./100 cc. 
bundle branch block of the rsR’ pattern in V; 
(intrinsicoid deflection, 0.05 sec.). The S wave 
was prominent in V; to V¢. Fluoroscopy showed 
a large right ventricle, a prominent and moder- 
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Fic. 9. Case v. Angiocardiograms. A, at 2 seconds a filling defect of the lower end of the superior vena cava 
at juncture with atrium is due to insertion of an anomalous vein. B, tracing of A. C, at 5 seconds the opacified 
pulmonary veins inserting at the juncture of the right atrium and superior vena cava are demonstrated. D, 


tracing of C. 


ately pulsatile pulmonary artery and distended 
hilar vessels. A large, oblique vessel near the 
right heart border was suspected of being an 
anomalous pulmonary vein. This vessel (arrow, 
Fig. 8) appeared prominently in the roentgeno- 
gram of the chest. 

Early in the angiocardiogram a filling defect 
in the superior vena cava at the site of juncture 
with the right atrium (Fig. 9A and B) was seen. 
This defect persisted as long as there was 
opacification of the vena cava. With pulmonary 
venous filling at five seconds (Fig. 9C and D) a 


large pulmonary vein from the right lung was 
seen to enter at the site of the filling defect. 
Left ventricular and aortic opacification ap- 
peared early and reopacification of the right 
heart, the markedly enlarged pulmonary artery 
and arterial tree was present throughout the 
study indicating a left-right shunt at the atrial 
level. 

During cardiac catheterization (Table 1v) 
the catheter was maneuvered from the region 
of the lower end of the superior vena cava and 
upper right atrium directly into the right 
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superior and inferior pulmonary veins. The 
catheter was withdrawn and then passed across 
an interatrial septal defect into a small left 
atrium. The T-1824 circulation times from both 
pulmonary arteries to the right ear were identical 
and longer than the right atrial-ear time, which 


TABLE IV 
DATA OBTAINED BY CARDIAC CATHETERIZATION—CASE V 
Blood Pressures 
D Oxygen (mm. Hg) 
Content | Systolic/Diastolic 
(Vol. %) (Mean) 
13.2 128/64 
(80) 
Pulmonary artery................. 12.4 24/3 
(13) 
Right ventricle (inflow tract). ...... 12.0 26/3 
Superior vena cava............... 
Inferior vena cava................ 
13.4 (1) 
14.4 (3.5) 
Arterial oxygen capacity, vol. %.. 14.5 
Arterial oxyhemoglobin saturation, %.......... 92.1 
Systemic blood flow, L./min./sq. M., B.S.A................. 6.13 
blood flow, L./min./sq. M., B.S.A............... 10.11 
Right-left shunt, L./min./sq. M., B.S.A....... 6.13 
Left-right shunt, L./min./sq. M., B.S.A...... 5.71 
Pulmonary vascular resistance, dynes-sec-cm.-* 51 
Body surface area (B.S.A.) in sq. 1.40 


was short and accompanied by an early peak 
concentration of the dye. This indicated that 
both lungs drained into the right atrium and that 
there was a large right-left shunt across the 
septal defect. A mild pyrogenic reaction that 
occurred during the latter part of the study 
marred interpretation of blood oxygen contents 
and flows. The right ventricular and pulmonary 
vascular pressures were normal. 

Surgical correction by an anastomosis be- 
tween the anomalous pulmonary veins and the 
left atrial appendage was attempted by Dr. 
Laurence Miscall. Operation confirmed the 
presence of a common right pulmonary vein 
inserting into the superior vena cava at its 
junction with the right atrium. The left pul- 
monary veins joined a single vessel, which 
traversed retropericardially and entered the 
posterior surface of the right atrium as it joined 
with the superior vena cava. A large interatrial 
septal defect was present. The left atrium and 
appendage were so small (estimated at 4; nor- 
mal) that the planned anastomosis could not be 
performed. The patient made an uneventful 
postoperative recovery. 

Comment. The correct diagnosis was sus- 
pected on the basis of the fluoroscopy and roent- 
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genogram and was clearly established by cardiac 
catheterization and angiocardiography. The 
paucity of symptoms was undoubtedly related 
to the mildness of the arterial anoxemia, the 
normal intracardiac pressures and the large 
size of the atrial septal defect. A hypoplastic left 
atrium is the most important factor limiting 
remedial surgery in this condition. 

Case vi. Total Drainage of Pulmonary Veins into 
Left Innominate Vein: Interatrial septal defect: A 
forty-two year old white housewife was admitted 
on February 3, 1954. She was well until the age 
of nine when she developed painful swollen 
joints which subsided after several weeks of bed 
rest. At age eighteen she was seen at another 
hospital because of weakness, dyspnea on 
exertion, and a 14 pound weight loss. A rough, 
apical systolic murmur was heard. Because large 
mediastinal and hilar masses were noted in the 
roentgenogram of the chest a diagnosis of 
lymphoma was made. During 1930 to 1931 she 
received large doses of roentgen therapy without 
effect on the size of the mediastinal masses. She 
was pregnant twice. The first, at age twenty-four, 
ended in spontaneous delivery at six months; the 
second two years later required caesarean section 
because of the onset at term of severe dyspnea 
and orthopnea. At age twenty-eight she had an 
episode of pulmonary infarction and at thirty- 
nine sudden right hemiplegia with aphasia 
developed, from which she had almost complete 
recovery within a year. Six months prior to 
admission increasing dyspnea and ankle edema 
developed, which subsided quickly after digital- 
ization and mercurial injections. At the time 
of admission she could do her own housework 
but experienced fatigue and dyspnea on climb- 
ing two flights of stairs. She was unaware of 
cyanosis. 

Physical examination revealed a well devel- 
oped but thin woman with a pulse rate of 104 
and blood pressure of 107/70. Cyanosis was 
evident and the fingers and toes were clubbed. 
The left neck veins were markedly pulsatile. 
There was a loud blowing systolic murmur at the 
pulmonic area radiating downward along the 
left sternal border. The pulmonic second sound 
was accentuated. The apical first sound was split 
and accentuated. 

Laboratory data was as follows: 

5.5 m./cu. mm.; hemoglobin, 21 gm./100 cC.; 
hematocrit, 60 per cent. The 

showed right ventricular hypertrophy and 
incomplete right bundle branch block,  e., 
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Fic. 10. Case vi. Teleoroentgenogram shows marked 
cardiac enlargement with supracardiac hilar and 
mediastinal enlargement. The lungs are plethoric. 


rsR’ pattern in V; with delayed intrinsicoid 
deflection (0.05 sec.). The QRS time was 0.10 
sec. and the S wave was prominent in V2 to Vg. 
The conventional roentgenogram (Fig. 10) and 
fluoroscopy of the chest revealed a large right 
ventricle and pulmonary artery. The supra- 
cardiac mediastinal region particularly on the 
left was widened. The hilar vessels were very 
prominent. 

Angiocardiography showed a filling defect of 
the left innominate vein (Fig. 11A and B). In the 
5 second film the pulmonary veins were seen to 
form a common channel (Fig. 11C and D), 
which entered an enlarged vein (probably a 
persistent left superior vena cava) which in turn 
inserted into the left innominate vein at the site 
of the filling defect. (Fig. 11C and D). There was 
marked dilatation of the left innominate vein and 
superior vena cava. The aorta filled at three 
seconds indicating the presence of a right-left 
shunt. 

During cardiac catheterization the catheter 
entered the large left supracardiac mass from 
the left innominate vein. A low, venous-type 
pressure was recorded and a blood sample that 
was completely saturated with oxygen was 
obtained. (Table v.) The catheter was also 
directed from the right atrium across an inter- 
atrial septal defect into the left atrium. Blood 
from the lower portion of the superior vena cava 
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had an oxygen saturation of 96.5 per cent. The 
oxygen contents of blood samples from the pul- 
monary artery, left atrium and brachial artery 
were identical. The pulmonary vascular resist- 
ance was four times greater than normal and 
moderately severe pulmonary arterial hyper- 


TABLE Vv 
DATA OBTAINED BY CARDIAC CATHETERIZATION—CASE VI 
Blood Pressures 
Oxygen (mm. Hg) 

Content | Systolic/Diastolic 

(Vol. %) (Mean) 

(74) 
Pulmonary artery................. 19.9 58/22 
(34) 

Right ventricle (outflow tract)... .. . 20.1 61/1 
Right ventricle (inflow tract)....... 
Superior vena cava............... 
Pulmonary vein.................. 23.0 (1) 
19.7 (1) 
Pulmonary “‘capillary”............ (7) 
Arterial oxygen capacity, vol. %.. 23.5 
Arterial oxyhemoglobin saturation, %.................... 86.9 
Systemic blood flow, L./min./sq. M., B.S.A................ 2.52 
Pulmonary blood flow, L./min./sq. M., B.S.A.............. 3.72 
Left-right shunt, L./min./sq. M., B.S.A................... 2.16 
Right-left shunt, L./min./sq. M., B.S.A................... 2.52 
Pulmonary vascular resistance, . 403 
Body surface area (B.S.A.) in sq. M...........0...00.0000005. 1.44 


tension was present. The pulmonary blood flow 
was at the upper limit of normal and only 48 per 
cent greater than the systemic flow. The periph- 
eral arterial oxyhemoglobin saturation was 
distinctly subnormal. 

Comment. This is the oldest patient with total 
anomalous pulmonary venous drainage ever 
reported in the literature. The roentgenographic 
appearance of the heart, the diagnostic aspects 
of the cardiac catheterization and the angio- 
cardiogram are typical of the malformation. 
Despite the severity of the hemodynamic dis- 
turbances, limitation of her activities is rela- 
tively mild. Because of this and her age it was 
decided not to attempt anastomosis of the pul- 
monary veins to the left atrial appendage. 

It is notable that the large pulmonary venous 
trunk was once thought to be a lymphoma 
for which the patient was given extensive 
radiotherapy. 


GENERAL CONSIDERATIONS 


Partial anomalous insertions of pulmonary 
veins into the right atrium or its venous tribu- 
taries have been found at all ages, sometimes at 
operation'® and often as an incidental finding 
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Fic. 11. Case vi. Angiocardiogram. A, at 1}4 seconds a deformity of the undersurface of the enlarged left 


innominate vein and an enlarged superior vena cava and right cardiac chambers are revealed. B, tracing of A. 
C, at 9 seconds opacified pulmonary veins enter a common venous trunk (persistent left superior vena cava) and 


drain into the left innominate vein. D, tracing of C. 
at autopsy or at anatomic dissection.'*'* Unless 
it is complicated by an associated defect the 
lesion is compatible with long life. Complete 
transposition of the pulmonary veins, on the 
other hand, may produce serious symptoms in 
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early infancy. It is a rare patient with this disease 
who survives to the third decade of life. The age 
of the fifty-eight patients collected by Keith and 
co-workers!? ranged from eight days to twenty- 
seven years, 80 per cent having died within the 
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first year of life. An additional slightly older 
group of patients has since been added to the 
literature'* but the longest survival reported 
was to age thirty-one.'® 

When the anomaly is partial, the sites of inser- 
tion of the pulmonary veins in order of fre- 
quency are superior vena cava, right atrium, 
left innominate vein, coronary sinus, azygos 
vein, inferior vena cava and left subclavian 
vein.'® The veins may also drain into the portal 
vein or ductus venosus. Anomalous veins from 
the right lung usually drain into the superior 
vena Cava or right atrium; those from the left 
lung into the left innominate vein, coronary 
sinus or persistent left superior vena cava. 
Abnormal venous drainage from the right side is 
twice as common as from the left.'® The lesion is 
frequently associated with a patent foramen 
ovale or atrial septal defect but rarely with 
pulmonic stenosis or other malformations. '® 

The most common site of drainage when the 
pulmonary veins are completely transposed is the 
left innominate vein via a persistent left uperior 
vena cava. This occurred in fully 43 per cent 
of the cases collected by Keith et al.'? The coro- 
nary sinus (19 per cent), right atrium (14 per 
cent) and right superior vena cava (12 per cent) 
were other sites commonly involved. A patent 
foramen ovale or interatrial septal defect is 
always present in this anomaly. Other associated 
lesions are rare. 

The development of the superior vena caval 
system, persistence of the left superior vena cava 
and malformations of the pulmonary veins seem 
closely related.*:?°-? A review of this subject 
recently has been published by Edwards.”4 


PHYSIOLOGIC CONSIDERATIONS 


Partial Anomalous Pulmonary Venous Drainage. 
Hemodynamically this malformation is similar 
to an interatrial septal defect with left-right 
shunt and recirculation of a variable amount of 
blood through the lungs. Diastolic overloading 
of the right ventricle and increased pulmonary 
blood flow are common features of both diseases. 
A slight degree of pulmonary hypertension may 
develop but without a complicating lesion or 
alterations in the pulmonary vessels it never 
reaches a high level. The amount of blood that 
recirculates through the lungs is related to the 
number of lobes that are drained anomalously. 
Since the condition usually involves the veins 
from one lung, the left-right shunt does not 
exceed 50 per cent of the total pulmonary blood 
flow.!*16 Evidence from the literature! indicates 
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that the anomalously draining lung has a 
smaller flow than the normal lung. This is also 
suggested by the small size of the pulmonary 
artery on the affected side in the angiocardio- 
gram. (Fig. 2A.) If the amount of blood shunted 
is larger than 50 per cent of the total pulmonary 
blood flow, an associated lesion giving rise to a 
left-right shunt should be suspected, particularly 
total anomalous pulmonary venous drainage or 
an interatrial septal defect. 

If mitral valvular disease or other condition 
causing an increase of pressure in the left atrium 
coexists, an increase in the amount of blood 
that recirculates through the anomalously 
draining lung is expected to occur. However, if 
pulmonary vascular resistance increases in the 
anomalously draining lung as it may later in the 
course of the disease, the recirculation may 
diminish. Particularly illustrative of this point is 
Case m1 in which anomalous pulmonary venous 
drainage from the left lung was associated with 
mitral stenosis. The venous (i.e., pulmonary 
capillary’) pressure in the right lung was 
almost three times the directly measured pressure 
in the left pulmonary veins. If the resistance in 
both lungs were identical, flow through the left 
lung would have been greater than through 
the lung draining into the left atrium. The unu- 
sually large size of the anomalous venous trunk 
suggests that this was once the case. However, at 
the time he was studied flow through the left 
lung was roughly equal to that through the right. 
Excessive recirculation of blood through the left 
lung was limited by a preferential and dis- 
proportionate increase in the vascular resistance 
of this lung as compared to the other. Indirectly 
this phenomenon acted as a protective mecha- 
nism by insuring an adequate supply of blood to 
the left atrium and systemic circulation. 

If pulmonic stenosis complicates partial 
anomalous venous drainage, the left-right shunt 
persists. In Case 1 the shunt was equal to 32 per 
cent of the pulmonary blood flow and in spite 
of the stenosis pulmonary flow was greater than 
normal. Persistent left-right shunt through 
atrial and ventricular septal defects despite 
associated pulmonic stenosis has also been 
reported.*® 

Diagnosis by Cardiac Catheteri-ation. The ease 
with which the diagnosis of partial anomalous 
pulmonary venous drainage can be made de- 
pends upon the structure into which the anoma- 
lous vein drains. When the drainage is into 
the vena caval system the condition is clearly 
identified when the catheter is passed into a low 
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pressure system containing highly saturated 
(arterialized) blood. When the anomalous 
pulmonary vein cannot be entered directly, the 
presence of a marked increase in O, content of 
the venous blood at the point of the anomalous 
drainage can be considered pathognomonic of 
the condition if the possibility of an arteriovenous 
fistula has been excluded. The diagnosis is more 
difficult when the pulmonary veins drain directly 
into the right atrium. An increase of the oxygen 
content of blood in this chamber as compared 
with the oxygen content of the superior or the 
inferior vena cava blood is equally consistent 
with anomalous pulmonary venous drainage, 
interatrial septal defect with a left-right shunt 
or with a combination of both conditions. Fur- 
thermore, even if a pulmonary vein is entered 
apparently from the right atrium it may be 
difficult to exclude the possibility that the 
catheter has first passed across an interatrial 
septal defect into the left atrium. This applies 
particularly in the case of right pulmonary 
veins which normally enter the left atrium close 
to the septum. 

Dye dilution curves with T-1824 have been 
used successfully by Swan and associates in the 
differential diagnosis of the two conditions.'® 
Circulation time from the pulmonary artery 
supplying the anomalously draining lung or 
from the suspected anomalous pulmonary vein 
to the ear is prolonged when the pulmonary vein 
is transposed and an atrial septal defect does not 
coexist. The dye reaches the ear only after 
being recirculated through the normal lung. 
In contrast, when an isolated interatrial septal 
defect is present the initial appearance at the 
ear of dye injected into the right atrium is 
early, since part of the dye is shunted into the 
systemic circulation across the septal defect. 
Dye injected into a normal draining pulmonary 
vein also reaches the ear early. When both 
interatrial septal defect and anomalous pul- 
monary venous drainage are present, T-1824 
circulation studies may be inconclusive. In 
Case 11 the long circulation time from the right 
atrium to the ear was against an interatrial 
septal defect, and later no evidence of this lesion 
was found during mitral valvuloplasty. 

Complete Anomalous Pulmonary Venous Drainage. 
The essential hemodynamic features of this con- 
dition are a marked left-right shunt produced 
by drainage of all pulmonary veins into the 
right side of the heart and a right-left shunt 
through an interatrial septal defect. The septal 
defect is vitally important to the patient since it 
1955 
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represents the only way by which blood can 
reach the systemic circulation. The large left- 
right shunt produces a very large pulmonary 
blood flow, leads to pulmonary arterial hyper- 
tension of variable degree and imposes a severe 
burden on the right ventricle. The quantity of 
systemic flow is related to the size of the septal 
defect and the right-left atrial pressure gradient. 

Since the systemic blood flow is derived from a 
right-left shunt the oxyhemoglobin saturation of 
the peripheral arterial blood will depend upon 
the relative amounts of completely saturated 
and unsaturated blood that are mixed in the 
right atrium. Since the pulmonary flow always 
exceeds the systemic flow the saturation of the 
arterial blood is not markedly reduced and in 
many cases has been reported to be within 
normal limits.7—!*'*!® This situation was present 
in the patient in Case v who had a normal 
peripheral arterial oxyhemoglobin saturation. 
(Table tv). 

The amount of blood that recirculates 
through the pulmonary and systemic circuits 
depends to some degree upon the resistance to 
flow in the pulmonary vessels or the resistance 
to right ventricular outflow, which in turn in- 
directly influence the right atrial pressure and 
quantity of blood flowing across the interatrial 
septal defect. An increased pulmonary vascular 
resistance or an associated pulmonic stenosis 
thus restricts recirculation through the lungs 
and less oxygenated blood is available to mix 
with systemic blood returning into the right 
atrium. The saturation of this mixed right 
atrial blood, which is destined to become sys- 
temic arterial blood by being shunted into the 
left atrium, therefore decreases. 

A typical example of this situation is Case v1 
(Table v), the oldest case reported in the litera- 
ture. She had moderate pulmonary hyperten- 
sion due to a fourfold increase in the pulmonary 
vascular resistance. Her pulmonary blood flow 
was small as compared to the very large flows 
ordinarily present in the early stages of the 
disease. The oxyhemoglobin saturation of the 
peripheral arterial blood was low and poly- 
cythemia and cyanosis were present. Case Iv 
(Table m1) had an associated pulmonic stenosis 
which also exerted a limiting effect on the 
pulmonary flow, and he too had a low periph- 
eral arterial saturation, polycythemia and 
cyanosis. The polycythemia in both these pa- 
tients can hardly be called compensatory, since 
it increases the resistance to flow in the pulmo- 
nary vessels.** The increase in resistance un- 
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doubtedly induces a further reduction in the 
amount of blood that recirculates through the 
lungs and therefore a further decrease of periph- 
eral arterial saturation. With the appearance of 
polycythemia a vicious cycle is established that 
can be relieved to some degree by repeated 
phlebotomy. 

Diagnosis of Complete Anomalous Pulmonary 
Venous Drainage by Cardiac Catheterization. The 
diagnosis of this malformation in a patient who 
is suspected to have anomalous pulmonary 
venous drainage can be made by cardiac 
catheterization when the high oxyhemoglobin 
saturation found in the right atrium, right 
ventricle and particularly in the pulmonary 
artery practically matches the peripheral arte- 
rial saturation. However, in two of our cases 
and in others previously reported*”.? the oxy- 
hemoglobin saturation of the pulmonary artery 
and systemic blood did not match precisely. 
This suggests that there was preferential shunt- 
ing across the interatrial septal defect of either 
the pulmonary venous or systemic venous 
stream. 

Differentiation of complete from partial 
anomalous drainage is aided by dye dilution 
studies. The circulation time from both pulmo- 
nary arteries to the ear is delayed as compared 
with the time required for the dye to reach the 
ear from the right atrium (right-left shunt), or 
the anomalous pulmonary veins (right-left 
shunt through the interatrial septal defect). 
This was the situation in Case rv, in which the 
circulation times from right and left pulmonary 
artery were identical and more prolonged than 
the ones from the right atrium and the anoma- 
lous pulmonary vein. 


CLINICAL FEATURES 


Symptoms will depend on the amount of 
pulmonary tissue that is drained anomalously. 
In venous drainage from one lung the patient 
is asymptomatic, as in Case 1.!:7:%'1.27 Those in 
the literature who have been reported to have 
dyspnea and fatigue on exertion, cardiac mur- 
murs and enlargement have had associated 
anomalies, usually an interatrial septal defect.*:!! 

When anomalous drainage is complete, symp- 
toms are invariably present. Dyspnea and fatigue 
on exertion may be severe enough to curtail 
activities sharply. Occasional patients, how- 
ever, appear to tolerate the lesion strikingly 
well.*:'® Cyanosis, clubbing and polycythemia 
are usually but not invariably present, their 
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severity depending upon the degree of arterial 
anoxemia. Cases 1v and vi with low peripheral 
arterial blood oxyhemoglobin saturations had 
these manifestations, whereas Case v with an 
almost normal saturation did not. 

Murmurs may be absent but there is usually 
a systolic murmur of variable intensity in the 
second and third left intercostal spaces, some- 
times accompanied by a thrill and often widely 
transmitted all over the precordium. Two of 
our three patients without pulmonic stenosis 
had such a murmur and a thrill. The reason for 
the location and timing of this murmur is ob- 
scure. Auscultatory findings in uncomplicated 
interatrial septal defect are quite similar and 
have been ascribed to increased rate of blood 
flow through the pulmonary artery. 

A rumbling, apical diastolic murmur and a 
soft, blowing, diastolic at the pulmonic area 
have been reported.'* Such murmurs also occur 
in uncomplicated interatrial septal defect, and 
their mode of propagation is unknown. The 
pulmonic diastolic murmur is probably due to 
functional pulmonic insufficiency. In infants'? 
a soft continuous murmur, like a venous hum, 
has been heard in the pulmonic area and along 
the left sternal border. It has been attributed 
to turbulence of the blood as it streams from 
the anomalous veins into the left innominate 
vein. 

Two of our patients had a bulge in the pre- 
cordial region, as is frequently the case with 
this anomaly. 

Right ventricular failure was present in one 
of our patients and responded very well to 
therapy. Usually in this anomaly supervention 
of cardiac failure has been an ominous sign.*® 


ELECTROCARDIOGRAPHY 


In uncomplicated partial anomalous pulmo- 
nary venous drainage the electrocardiograms 
may be normal and reveal no evidence of the 
increased work of the right ventricle. Such was 
the situation in Case 1, in another patient 
previously reported from this center! and in a 
case reported from the Mayo Clinic.'! Right 
axis deviation, right ventricular hypertrophy 
and incomplete right bundle branch block have 
also been described,?:* but in most of these in- 
stances the pulmonary venous anomaly was 
complicated by an interatrial septal defect or 
some other lesion. Similarly our Cases 1 and mI 
had associated defects which accounted for the 
electrocardiographic abnormalities. 


AMERICAN JOURNAL OF MEDICINE 


a 


Anomalous Drainage of Pulmonary Veins—Sepulveda et al. 897 


In contrast, the electrocardiogram is always 
abnormal in fotal anomalous pulmonary venous 
drainage. A qR complex in V;, associated with 
right ventricular hypertrophy was present in 
89 per cent of the patients reported by Keith 
et al.'? However, they were all younger than 
nine years. None of our three patients, all 
adults, had this pattern. Instead, right ventricu- 
lar hypertrophy with incomplete right bundle 
branch block, i.e., an rsR’ complex in V; and 
delayed intrinsicoid deflection was present. 
These changes or complete right bundle branch 
block appear to be fairly constant in older 
patients with this anomaly and are _indis- 
tinguishable from those usually found in inter- 
atrial septal defect. 


ROENTGENOGRAPHIC FEATURES 

Roentgenography is the most important sim- 
ple examination which by itself may reveal the 
diagnosis of transposition of the pulmonary 
veins.!:7:27.28 An anomalous right pulmonary 
vein draining into the inferior vena cava (Case 1) 
usually appears in the roentgenogram as a 
broad branching channel which curves in 
crescentic fashion near the right cardiac border 
and descends towards the right cardiohepatic 
region. Usually the right atrial silhouette is 
prominent because of the increased blood flow. 
Increased pulmonary vascular markings due to 
an associated interatrial septal defect may 
obscure the anomalous pulmonary vein. 

Pulmonary veins inserting into the left in- 
nominate vein also have a characteristic x-ray 
appearance. Whether the anoma- 
lous drainage is partial (Fig. 4) or complete 
(Fig. 10) there is a wide channel (a persistent 
left superior vena cava) at the left hilum and 
superior mediastinum. As a result of the large 
blood flow it transmits, the right superior 
vena cava dilates and forms a bulge in the right 
superior mediastinal silhouette. The appearance 
of these two dilated structures has been de- 
scribed as ‘“‘a figure of eight formation with the 
heart,”’? “the almost dumbell shaped silhouette 
with the heart,’’® “‘the mediastinal moustache,’’!? 
and as a “cottage loaf” shape.'* By fluoroscopy 
the supracardiac mediastinal shadows can be 
seen to pulsate, but less so than the engorged 
hilar vessels. The roentgen picture produced by 
the anomalous insertion of pulmonary veins 
into the left innominate vein is most commonly 
mistaken for mediastinal and hilar adenopathy 
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When a pulmonary vein inserts into the right 
atrium it may not be possible to distinguish it 
from the other hilar vessels although in Case v 
(Fig. 8) the vein adjacent to the atrial border 
was so prominent and obliquely positioned that 
it was suspected of being anomalous. 

Angvocardiography. Contrary to previous opin- 
ions,*:'? angiocardiography has proved to be 
very useful in the diagnosis of transposed pul- 
monary veins. A previously unrecognized sign, 
a constant filling defect at the site of insertion of 
the anomalous pulmonary veins, which is 
caused by the turbulent inflow of blood imping- 
ing against the contrast material, has been seen 
in all but one (Case 1) of our cases. The charac- 
teristic deformity at the various sites of insertion 
of the pulmonary veins into the vena caval 
system or right atrium is clearly demonstrated 
in Figures 5, 7, 9 and 11. 

The anomalous pulmonary vein (Fig. 9C 
and D) and the huge common pulmonary 
venous trunk and left superior vena cava (Figs. 
5C and D and 11C and D) could be well 
visualized in films taken at the time of opacifica- 
tion of the pulmonary veins. The angiocardio- 
graphic picture of venous drainage from the 
right lung into the inferior vena cava is even 
more characteristic than the conventional 
roentgenographic pattern. A typical example of 
the angiocardiogram in this anomaly was seen 
in Case 1. (Fig. 2B.) 

If drainage into the left innominate vein is 
suspected, the contrast material had better be 
introduced via the left arm vein in order to 
opacify the left innominate vein. The superior 
vena Cava in such cases is markedly enlarged 
and the contrast material is agitated and diluted 
by the anomalous pulmonary venous inflow. 
(Figs. 5 and 11.) Marked enlargement of the 
superior vena cava should always arouse sus- 
picion of a pulmonary vein inserting into the 
left innominate vein since this structure is 
rarely enlarged to this degree even in right 
ventricular failure. 

The left atrium in complete transposition of the 
pulmonary veins is usually hypoplastic and was 
not opacified directly from the right atrium 
through the interatrial septal defect in our 


_ cases. This is probably related to inability to 


expose more than two films a second by the 
technic used.?* Left ventricular visualization 
was rarely noted probably because the contrast 
material was greatly diluted before it was 
shunted across the atrial septal defect. 


| 
* 
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Angiocardiography very vividly delineated 
the large size of the right ventricle and pulmo- 
nary arteries in the cases of total anomalous 
drainage. By demonstrating anomalous pulmo- 
nary veins it was of considerable aid in the differ- 
ential diagnosis of cases with uncomplicated 
interatrial septal defects. 

Fatality in two patients with anomalous pul- 
monary drainage, one partial® and the other 
complete, has been reported'* but this does not 
necessarily mean that the procedure is particu- 
larly dangerous in this condition. Moreover 
both patients were seriously ill and had cyanosis, 
the group in which many of the reported fatali- 
ties from angiocardiography have occurred.*° 
In addition, the contrast material was injected 
into the heart via an indwelling cardiac catheter 
in the patient with total anomalous drainage.*! 


SURGICAL TREATMENT 


Surgical correction of this malformation is 
now feasible and is the treatment of choice in 
patients with total anomalous drainage. When 
the lesion is partial, surgery is not indicated as 
the disease is usually asymptomatic and well 
tolerated. Kirklin*? reported a successful trans- 
plantation of a single anomalous pulmonary 
vein into the left atrial appendage in a patient 
who had an associated interatrial septal defect. 
Definite improvement in symptomatology en- 
sued. This would indicate that when the lesion 
is complicated by another malformation, partic- 
ularly interatrial septal defect or pulmonic 
stenosis, surgery for the complicating lesion or 
the anomalous vein may be indicated. 

Transplantation of all the anomalous pulmo- 
nary veins into the left atrium offers many 
technical difficulties and the experience to date 
has not been gratifying. The left atrial ap- 
pendage is frequently so small that the anas- 
tomosis is not feasible; this was the case in one 
of our patients (Case v). Clamping or ligation 
of the common pulmonary venous trunk in 
order to perform the anastomosis interrupts the 
circulation completely or almost completely 
and has been responsible for many of the fail- 
ures reported. In the case of Snellen et al.’ 
ligation of the common trunk produced cardiac 
arrest, which disappeared after removal of the 
ligature. Surgery was performed in three of the 
patients studied by Keith and associates.'? In 
two, partial constriction of the common trunk 
in order to effect the anastomosis produced 
death during the operation. In the third, the 
vein beyond the point of the successfully com- 
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pleted anastomosis was ligated in order to 
route all the blood from the anomalous vessels 
into the left atrium. Death occurred two hours 
after the operation. Keith and associates'? note 
that in this disease the waist of the left auricular 
appendage is usually smaller than the diameter 
of the common pulmonary venous trunk and 
that death could have been due to inadequate 
blood flow through the new channel. 

In the only successful surgically treated case 
reported,** an end-to-side anastomosis was per- 
formed between a common left pulmonary 
vein and the left atrial appendage. Since no 
ligature was placed above the point of anas- 
tomosis and no attempt to transplant the 
anomalous vein from the right side was made, 
the operation transformed a total anomalous 
venous drainage into a partial one. The experi- 
ence to date would indicate that surgical correc- 
tion should be confined to rerouting only part 
of the anomalously draining blood to the left 
atrium by anastomosis of either one vein or the 
common trunk to the atrial appendage, care 
being taken to avoid excessive narrowing in the 
lumen of the common trunk. 


SUMMARY 


Three cases of partial and three of total 
anomalous pulmonary venous drainage into the 
right atrium or its tributaries are reported and 
the main clinical, physiologic and angiocardio- 
graphic features are discussed. 

Among the group with partial anomalous 
pulmonary venous drainage one case was un- 
complicated and asymptomatic. The two with 
symptoms had associated defects; pulmonic 
stenosis in one and rheumatic mitral stenosis in 
the other. In the latter patient the demonstra- 
tion of an elevated pulmonary “capillary” 
pressure in the normally draining lung as com- 
pared to a normal venous pressure in the anoma- 
lously draining lung led to a definite diagnosis of 
mitral stenosis and successful surgical correction 
of this valvular lesion. 

All patients with ¢otal anomalous drainage of ~ 
the pulmonary veins had symptoms and two 
were cyanotic. One forty-two year old patient, 
the oldest in the literature, was treated previ- 
ously for a mediastinal lymphoma mistakenly 
diagnosed because of the roentgenographic 
appearance of the anomalous veins. Similarity 
of blood oxygen contents in the right ventricle, 
pulmonary and systemic arteries is a diagnostic 
feature of this anomaly. In one patient an at- 
tempt to anastomose the anomalous veins to the 
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left atrial appendage had to be abandoned be- 
cause of the small size of the left atrium. 

A filling defect produced by turbulence of the 
contrast material at the site of insertion of the 
anomalous vein was observed in the angio- 
cardiogram of five of the cases. This previously 
unrecognized sign was of great value in establish- 
ing the diagnosis and permitting differentiation 
from an uncomplicated interatrial septal defect. 
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recent years interest has been awakened in 

certain cases of cardiac enlargement which 

cannot be ascribed to such common etiologic 
mechanisms as hypertension, coronary arterio- 
sclerosis, bronchopulmonary disease, rheumatic 
fever, syphilis, congenital defects or a systemic 
affection. Attention was first directed to this 
group by Josserand and Gallavardin' and subse- 
quently, similar instances have been de- 
scribed.?~'® Levy and his co-workers character- 
ized the syndrome as consisting of cardiac 
hypertrophy, scarring of the myocardium and 
focal myocardial necrosis of unknown origin. 
Rapidly progressive heart failure, associated 
with disturbances in rhythm and complicated by 
pulmonary and systemic embolizations, were 
recognized as common features.?:’ 

It is unfortunate that many reports have at- 
tempted to attach to this group an unwarranted 
variety of causative factors and, accordingly, a 
number of descriptive names. It has been con- 
fused with beri-beri heart disease, cardio- 
vascular collagenosis, nutritional heart disease, 
endocardial fibrosis and familial cardiomegaly. 
The present study is designed to examine the 
fundamental clinical and anatomic pattern of 
ten such cases and to make such correlations as 
appear indicated. 


MATERIAL AND METHODS 

The material included in this study consists of 
ten instances of cardiomegaly without con- 
ventional etiology. The postmortem files of 
The Mount Sinai Hospital for the years 1937 to 
1952 have been examined and all instances of 
enlargement of heart have been reviewed. Those 
instances in which congenital defects, hyper- 


tensive vascular disease, valvular deformities, 
syphilis, arteriovenous shunt, coronary arterio- 
sclerosis, anemia, kyphoscoliosis, hyperthyroid- 
ism, allergic state, primary abnormal rhythm, 
von Gierke’s disease, amyloidosis or non-specific 
myocarditis could not be incriminated were 
then subjected to further clinical and pathologic 
survey. 

Ten cases remained that failed to show cause 
for the cardiomegaly. Detailed analysis was made 
of the necropsy and clinical material. Sections of 
portions of the left and right sides of the heart 
were examined carefully. The hearts were also 
studied in detail for abnormalities of the valves, 
endocardium and pericardium. The aorta was 
especially examined for any lesion which might 
compromise the coronary ostia. The coronary 
artery tree was sectioned transversely at intervals 
of 1 to 3 mm. after having been properly fixed. 
The other viscera were studied for any possible 
causative relationship. 


CLINICAL DATA 


The sex, age and race distribution are listed in 
Table 1. Males, young to middle age, and Negro 
patients constituted the majority. All subjects 
had a normal dietary history; two had a mild to 
moderate alcoholic intake. Seven of the group 
recalled the onset of their illness with dyspnea as 
evidence of congestive heart failure; one had had 
abdominal pain. The onset in one instance was 
signaled by pulmonary infarction, while one 
patient had been informed of the presence of 
cardiac enlargement during a routine physical 
examination. 

In seven cases symptoms were present for 
less than six months before the patients sought 


* From the Departments of Medicine and Pathology, The Mount Sinai Hospital, New York, N. Y. Presented in part, 
before the New York Pathological Society, the New York Academy of Medicine, May 27, 1954. 
f Elsa and William Menke Fellow in Medicine. 
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medical attention. Eight patients succumbed 
within eighteen months following the onset of 
symptoms. 

The clinical manifestations are detailed in 
Table u. The most constant features consisted of 
an enlarged heart accompanied by severe left- 


TABLE 1 
SEX, AGE AND RACE DISTRIBUTIONS 
Sex 
Age 
Race 
TABLE 01 
CLINICAL MANIFESTATIONS 
3 Incidence 
9 
4. Edema of lower extremities............... 7 
6 findings 
6 
Right 5 
Left 1 
7. Abnormal cardiac rhythm 
6 
Ventricular premature contractions. ..... 4 
Pulsus 3 
Auricular premature contractions... .... 1 
Nodal tachycardia.................... 1 
Auricular 1 
Auricular fibrillation.................. 1 
8. Abnormal blood pressure................ 5 
9. Distended neck veins.................... 5 
11. Throm 4 
12. Significant cardiac murmurs.............. 4 


and right-sided congestive heart failure. Six of 
the ten patients in this group had sustained well 
documented pulmonary infarctions; in only one 
instance was this complication present early in 
the course of the illness. Of these six cases four 
had obvious thrombophlebitis of the lower 
extremities. Tachycardia was observed in all 
patients. Gallop rhythm was a frequent and 
prominent finding. Major abnormalities of 
rhythm (nodal tachycardia, auricular flutter and 
auricular fibrillation) occurred in three patients. 
In four cases grade 4 systolic murmurs were 
heard. A low systolic, slightly elevated diastolic 
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and diminished pulse pressure was common. 
(Table m.) In no instance was there a history 
of hypertension. The temperature course was 
normal in one instance, usually normal with an 
occasional elevation in three and generally 


elevated in six. 
TABLE 01 
DISTRIBUTION OF BLOOD PRESSURE READINGS 
Pressures Mm. Hg | No. of Cases 
100-120 7 
81-90 2 
91-100 2 
101-110 3 
20-29 4 
30-39 3 
40-49 2 
TABLE IV 
LABORATORY DATA 
Laboratory Test 
Albuminuria. .................. 9 9 
Abnormal venous pressure and cir- 
culation time................ 7 7 
Leukocytosis (12,000-23,000).....| 9 4 
Elevated erythrocyte sedimentation 
Plasma protein changes.......... 9 0 


The laboratory data are detailed in Table 1v 
and offer no lead as to an etiologic factor. Mild 
albuminuria occurred consistently but no formed 
elements were noted in the urine and there was 
no glycosuria. The specific gravity of the urine 
indicated preservation of renal-concentrating. 
capacity. The blood hemoglobin was normal in 
all. For the most part the white blood counts 
were normal but in four instances transient or 
preterminal leukocytosis appeared. Serologic 
tests for syphilis were consistently negative. In 
eight of nine cases the blood urea nitrogen was 
normal during the early period of observation, 
but azotemia appeared terminally in four cases. 
In three of these patients this finding was asso- 
ciated with evidence of severe congestive heart 


+ 
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failure accompanied by the “low-salt syndrome” 
with hyponatremia and hypochloremia. The 
plasma protein levels were normal in all cases. 
In a few instances special laboratory procedures 
were undertaken in a search for an etiologic 
factor, but without success. These tests included 


TABLE V 
ELECTROCARDIOGRAPHIC ABNORMALITIES 
No. of 
Cases 
RST depressions and T wave inversions......... 5 
Prolonged P-R interval........... 2 
Left bundle branch block...................... 2 
Right bundle branch block.................... 1 
TABLE VI 
ANTEMORTEM DIAGNOSES 
No. of 
Cases 
Idiopathic 4 
Idiopathic cardiac hypertrophy................. 1 
Unknown heart 1 
Rheumatic and arteriosclerotic heart disease... .. . 1 
Rheumatic and hypertensive heart disease... ... . 1 
Recurrent pulmonary embolism with cor pulmonale 1 
Glomerulonephritis, acute. 1 


L.E.-cell phenomenon, serum protein-bound 
iodine, blood cultures, serum cholesterol, histo- 
logic study of skin and muscle and Congo-red 
retention tests. 

Symmetric cardiomegaly was noted fluoro- 
scopically in those examined; in only one in- 
stance was the enlargement thought to be 
confined to the left cardiac chambers. The elec- 
trocardiographic patterns, detailed in Table v, 
suggest no clue for the identification of this 
type of cardiopathy. In all instances only a very 
transient response to therapy was obtained. The 
usual regimen for congestive cardiac failure was 
employed, with salt restriction, administration 
of digitalis and diuretics. Antibiotics were used 
in most cases. Dicumarol was administered to 
two patients with pulmonary infarction. In two 
patients with the low-salt syndrome hypertonic 
saline was given, without notable response. In 
one instance each, thiamine in high doses and 
cortisone exerted no beneficial effect. 

All patients succumbed with the picture of 
intractable congestive heart failure. Of these, 
two were also in shock, while the course of one 
was terminated by a pulmonary artery embolism. 

A review of the final clinical diagnoses of our 
cases disclosed the need for greater awareness of 
the condition described herein. In but one 
instance, and that the last case observed, was the 
precise diagnosis made. (Table vi.) However, 
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diagnoses of unknown heart disease (one case) and 
idiopathic myocarditis were made in four cases. 


ANATOMIC DATA 


Macroscopic Findings. The hearts in all ten 
cases in this series were considerably hyper- 
trophied and their chambers were dilated. The 
heart weights ranged between 430 and 800 gm., 
with an average weight of 575 gm. The peri- 
cardium revealed no abnormalities in five cases; 
in three, scattered agonal petechial hemorrhages, 
in one, pleuropericardial and in another viscero- 
parietal pericardial fibrous bands were present. 

The coronary artery tree was everywhere 
normal in four instances; minimal patchy arterio- 
sclerosis was seen in five others without, how- 
ever, any encroachment on the vessel lumen. In 
one, arteriosclerotic stenosis of the lumen of a 
secondary and superficial branch of the right 
coronary artery was found. The lumen of the 
remaining, and the ostia of all, were widely 
patent and the arterial walls revealed no note- 
worthy alterations. 

The cardiac valves occasionally were the seat 
of tension thickening and edema. These changes 
were mild, focal and irregular in distribution. In 
one, the posterior leaflet of the mitral valve 
was slightly vascularized probably the sequel of 
an episode of rheumatic fever. Fine fibrosis of 
the mitral ring was observed in two cases. None 
of these valvular lesions, however, were con- 
sidered to have been related pathogenetically 
either to the myocardial changes or to chamber 
enlargement. 

The cardiac muscle was generally firm, oc- 
casionally flabby in consistency, brownish red on 
section, with linear or broader yellowish or 
yellowish grey zones and sporadic hemorrhagic 
foci. The pectinate muscles, trabeculae carnae 
and papillary muscles were prominent but 
often appeared flattened in the more dilated 
specimens. The apical portions of the muscles on 
section, and in a few the subendocardium, were 
the seat of punctate hemorrhagic or yellowish 
foci. The endocardium often presented fine or 
broader foci of thickening and thrombus forma- 
tion (vide infra). 

Histologic Findings. The predominant histo- 
logic finding was hypertrophied muscle fibers 
with increased transverse diameter and with 
nuclei which were often granular, hyperchro- 
matic, distorted or blunt-edged. The capillary 
cross sections were relatively sparse. Venous 
engorgement was frequently striking. 
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Fic. 1. Case vu. Section of posterior papillary muscle, left ventricle, showing nuclear degeneration; homo- 
genization, fracture and necrosis of myofibrils; hemorrhage; early reactive polymorphonuclear leukocyte 


infiltrate. Scattered interstitial and perivascular fibrosis. 


Fic. 2. Case vin. Section of subendocardial zone, posterior wall left ventricle, showing homogenization and 
patchy necrosis of muscle bundles, focal hemorrhage. Note uninvolved hypertrophic myofibrils and scattered 


foci of fibrosis. 


Fic. 3. Case x. Section of ventricular wall in vicinity of mural thrombus showing vascularized, edematous, pro- 
liferating connective tissue enmeshing lymphocytes, fibroblasts and sparse polymorphonuclear leukocytes. 
Fic. 4. Case 1x. Interventricular septum showing patchy, broad, linear and disseminated, isolated zones of 
myocardial degeneration, edema, replacement fibrosis. Reactive cell infiltrates consist of lymphocytes, 
fibroblasts and occasional polymorphonuclear leukocytes. 


In addition to hypertrophy the myocardium 
presented degenerative changes and connective 
tissue proliferation. The former consisted of 
granularity of muscle bundles, vacuolization, loss 
of striations and sarcoplasm pallor and, in later 
stages, smudging and alterations in tinctorial 
characteristics of fibers and nuclear degenera- 
tion. These changes were observed within the 
myofibrils adjacent to and those at some distance 
from areas of fibrosis. In three instances the 
subendocardial musculature contained a con- 
siderable quantity of glycogen while in four 
others an increase in sudanophilic substance was 
noted. A more advanced type of lesion included 
transverse fracture of myofibrils, interstitial 
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edema, engorgement of capillaries and focal 
linear and broad hemorrhages and, finally, 
homogenization in which nuclei could no 
longer be identified and necrosis. (Figs. 1 and 
2.) Indeed, these last alterations were indistin- 


guishable from those of myocardial infarction. — 


However, such severe changes were focal and 
minute in character. Although all these lesions 
were disseminated throughout the entire thick- 
ness of the ventricular wall, including the 
subepicardium, the more extensive changes ap- 
peared more commonly subendocardially and 
within the papillary muscles of the left ventricle. 
In one case perivascular foci of lymphocytes, 
groups of deeply basophilic giant cells and scat- 
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Fic. 5. Case v. Anterior wall of left ventricle adjacent to subendocardial layer showing granulation tissue-like 
response with atrophy and degenerative changes of entrapped myofibrils. Other myocardial fibers are hyper- 


trophied. 


Fic. 6. Case v. Later phase of healing than shown in Fig. 5. Extensively vascularized zone of fibrosis with 
sparse remaining cell infiltrate. Vessels appear thickened and show intimal cellular hyperplasia. 


Fic. 7. Case 11. Dense, avascular, richly elastified, fibrotic zone with atrophy of adjacent isolated myofibrils. 


Fic. 8. Case 1. Section of left ventricle disclosing band-like zone of endocardial fibrosis, still moderately 
vascularized; compression atrophy of subjacent myofibrils. 


tered leukocytes were found. However, no other 
histologic or macroscopic stigmata of rheumatic 
fever were observed, and it is doubted that these 
cellular infiltrates were a manifestation of that 
disease. Cellular infiltration was not a prominent 
feature and was seen mainly in the vicinity of 
recent or organizing mural thrombi and necrotic 
myocardial foci. (Fig. 3.) The early reactive 
infiltrates consisted of polymorphonuclear leuko- 
cytes admixed with erythrocytes; the healing 
lesions were invaded with lymphocytes and 
fibroblasts. Occasionally interstitial plasma cells, 
macrophages and scant lymphocytes were ob- 
served. These also were principally adjacent to 
degenerated myofibrils. There were numerous 
areas of focal interstitial and perivascular fibro- 
sis. Although these were scattered through the 


walls of both the right and left chambers, they 
were located mainly in the endocardial and 
subendocardial layers. (Fig. 4.) Multiple sections 
of various portions of the heart, but most espe- 
cially of the wall of the left ventricle, showed foci 
of fibrosis in various phases of development. 
Recent, organizing and densely fibrotic zones _ 
were found, often concomitantly. The earliest 
lesion consisted of relatively loose cellular 
connective tissue containing occasional lympho- 
cytes, plasma cells, macrophages and, rarely, 
polymorphonuclear leukocytes. (Fig. 5.) Still 
other zones were relatively densely fibrotic and 
vascularized (Fig. 6), while the older lesions 
consisted of acellular, avascular or densely 
fibrotic scars, occasionally richly elastified. 
(Fig. 7.) Frequently, there was accompanying 
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Fic. 9. Case 1v. Section of left ventricle showing dense, fibrotic and elastified thickening of endocardium. 


Fic. 10. Case m. Organizing mural thrombus intimately attached to fibrotic endocardial plaque. Linear subendo- 
cardial fibrosis. Degenerated myofibrils intermingled with hypertrophied fibers. 


compression atrophy and replacement of adja- 
cent myofibrils, although in a few instances, in 
the midst of scarred areas, islands of myofibrils 
appeared unaffected. The endocardial layer was 
the site of patchy fibrotic thickening, occasionally 
plaque-like in appearance. (Figs. 8 and 9.) 

Thrombi of the mural endocardium were 
found in seven instances, of which three were 
situated in the left ventricle; in two, thrombi 
were found in the right and left ventricles; in one, 
endocardial thrombosis was noted in the right 
auricle and ventricle, while in one case mural 
thrombosis of the right auricle and both ventricles 
was found. The thrombi showed varying degrees 
of organization and were situated usually over 
zones of endocardial fibrosis. (Fig. 10.) Extension 
of mural thrombosis by contiguity was seen along 
the endocardial layer, into the interstices of the 
trabeculae carnae and occasionally involving the 
thebesian channels. In addition, the endocardial 
and subendocardial layers subjacent to the 
recent or organizing mural thrombi contained 
islands of polymorphonuclear leukocytes, lym- 
phocytes and occasionally, plasma cells. These 
cellular foci were limited generally to such zones 
and were judged merely to represent reactions to 
the overlying thrombi rather than to have been 
due to primary myocardial inflammation. 

The aorta was either normal or showed but 
minimal arteriosclerosis consisting of scattered 
linear or plaque-like foci of yellowish thickening. 
The pulmonary artery displayed no abnormali- 
ties in five cases; in five, mild to moderate 
arteriosclerosis. In three, embolic occlusions of 
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large branches of the pulmonary artery were 
found. The lungs were the seat of infarction in 
seven of the ten cases. The liver, spleen, kidneys 
and other viscera revealed the usual character- 
istics of cardiac failure. Focal pyelonephritic 
fibrosis of the kidney was found in one case and 
renal infarction had occurred in three cases, 
in two of which splenic infarcts also were noted. 
The spleen of still another patient was the site 
of an infarct. Thrombi of the periprostatic, 
femoral and perirectal veins were found, each in 
one case. Neither renal nor systemic vascular 
abnormalities suggestive of antecedent hyper- 
tension were found in any of our cases, nor was 
there any histologic stigma of any systemic 
affection. 


COMMENTS 


The cases which form the subject of this 
report represent cardiac hypertrophy with pro- 
gressive, unrelenting myocardial failure, without 
any conventional etiology. Five of the ten pa- 
tients in this study were over the age of forty and 
the diagnosis of “‘arteriosclerotic heart disease”’ 
in this age group, despite the absence of anginal 
pain, is made often. The insignificant degree of 

arteriosclerosis present in our Cases 

could not be held accountable for the cardiac 
abnormality. A conspicuous finding of slightly 
elevated diastolic blood pressure in five of the 
ten cases, with diminished pulse pressure, has 
been recognized previously as a common accom- 
niment of the severe heart failure in this con- 
dition.*-'?:'* That this does not represent essential 
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hypertension is confirmed by the absence of renal 
or systemic arteriolar sclerosis. In only one 
instance was mild arteriolar nephrosclerosis 
noted, and this in the vicinity of a pyelonephritic 
fibrotic zone. 

Various authors have attempted to implicate 
a number of etiologic and pathogenetic mecha- 
nisms in cases of this type. Thiamine deficiency 
has been held accountable in some instances. *:!® "7 
However, the absence of the dynamics of 
vitamin B; deficiency heart disease, the adequate 
nutritional histories, the failure of administra- 
tion of thiamine in large quantities to alter the 
course of the disease and the absence of any 
associated stigma of vitamin B, deficiency com- 
pels us to reject this possibility as a factor in the 
morphogenesis of this variety of cardiopathy. 

Recently a number of reports have emanated 
from Africa'®'*:'* describing series of cases of 
cardiac hypertrophy and insufficiency. Davies'® 
has reported 10 per cent of all fatal cases of 
congestive heart failure in this area to be due to 
this syndrome. These cases appear to have been 
clinically and pathologically similar to- those 
reported herein. Gillanders'* and Higginson, 
Gillanders and Murray"® have been the leading 
proponents of the view that among the Bantus 
vitamin deficiency or malnutrition is the basically 
responsible factor. The Bantus are known to 
subsist, generally, on poor or inadequate diets, 
and on occasion some response to diet and 
specific therapy has been demonstrated. Never- 
theless, these investigators add that in long- 
standing disease the changes have proved to be 
irreversible and moreover, that no single food 
factor is responsible. In addition, similar cases 
has been observed in very well nourished pa- 
tients. It is noteworthy that experience gained 
from clinical and necropsy studies in prison and 
concentration camps has shown that atrophic, 
rather than hypertrophic hearts were the rule.'® 
Significantly, in a study of 109 men who had 
previously suffered for forty-four months with 
chronic nutritional deficiency with clinical 
evidences of beri-beri, Griffith?® has shown that 
the few instances of cardiac enlargement ob- 
served were not the sequel of the nutritional 
deficiency but rather the effects of the more com- 
- mon causes of heart disease. 

The possible relationship of our cases to 
isolated myocarditis (so-called Fiedler’s myo- 
carditis, idiopathic myocarditis, productive 
myocarditis, giant cell myocarditis, myocarditis 
of unknown etiology) must be considered.?! 
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This group comprises those instances of more or 
less widespread granulomatous or diffuse inflam- 
matory changes of the myocardium, later with 
connective tissue proliferation. Although the 
pericardium and endocardium are not directly 
involved, mural thrombosis is found often and 
embolic phenomena are common. These cases 
form a heterogeneous group, with neither a 
distinctive clinical nor a uniform pathologic 
pattern. They have been considered the sequel 
of acute respiratory infections, scarlet fever or 
typhoid fever, virus infection,?* or due to 
arsenicals, sulfur or sulfonamides. The cases 
which are the subject of the present study, 
in contradistinction to those of isolated myo- 
carditis, presented only focal inflammatory foci 
confined either to necrotic muscle bundles or to 
sites adjacent to organizing mural thrombi, and 
constituted reactive rather than primary cellular 
infiltrates. 

Amyloidosis and von Gierke’s disease with 
myocardial involvement are readily eliminated 
from serious consideration since these are 
identifiable on the basis of their characteristic 
histochemical pictures. The observation of three 
cases of cardiomegaly in one family, and the 
necropsy demonstration of myocardial fibrosis in 
one of these, led Evans to suggest a “familial” 
factor.?* However, in six other instances observed 
by that author no such familial association 
could be established. Still another disease process 
to be differentiated is congenital fibroelastosis, 
most often seen in infants within the first year of 
life.24~?7. The lesions observed in infants have 
included parietal giant muscle nuclei, vacuolar 
granular degeneration of the myocardium, 
endocardial sclerosis and myocardial fibrosis. 
Although the morphologic resemblance of these 
abnormalities to those which we have described 
is inescapable, the wide disparity in age inci- 
dence would seem to make untenable any belief 


that there is a common etiologic denominator. 


If fibroelastosis were a significant pathogenetic 
factor one would expect to find this abnormality 
among older children and adolescents but they ~ 
have been conspicuously absent from the 
literature. 

The cases which are the subject of this report 
cannot be correctly designated as ‘‘endocardial 
fibrosis.” Gray*® believed that some unknown 
factor produced endocardial fibrosis and this in 
turn resulted in congestive heart failure. It is 
well recognized, however, that congestive heart 
failure of any cause may lead ultimately to the 
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development of endocardial fibrosis.***° Gray 
also suggested that the category designated endo- 
cardial fibrosis may be a member of the “‘ill- 
defined category of collagen diseases.’ More 
recently Becker et al.'' reported a number of 
cases similar to those described in this report and 
believed that they represented a manifestation of 
“diffuse collagen disease.’”” The collagenous 
degeneration was primarily endocardial in loca- 
tion and systemic involvement was not demon- 
strated. We do not subscribe to the belief that 
this variety of endocardial and subendocardial 
fibrosis can be grouped with the collagen dis- 
eases, although there may be some superficial 
histologic similarities. It is unwarranted, obvi- 
ously, to ascribe specificity to a lesion of the 
endocardium which is common to a number of 
dissimilar cardiopathies. Endocardial fibrosis 
should be viewed as the expression of abnormal 
pressure relationships within the cardiac cham- 
bers, or as the result of infection, a systemic 
toxin or, most frequently perhaps, as the sequel 
of anoxic effects upon the subendocardium. The 
collagen diseases, on the other hand, are char- 
acteristically systemic in character and associated 
with a distinctive, although protean, clinical 
picture. It is noteworthy that our cases ex- 
hibited no significant systemic or anatomic 
abnormalities. Furthermore, the cardiac lesions 
bore no resemblance to those of the classical 
descriptions of Klemperer and his associates.*! 


Our histologic studies did not uncover any — 


alterations specific for any particular causative 
factor, and so the mechanism responsible for the 
cardiomegaly remains unclear. It is believed 
that the pathogenesis of the myocardial abnor- 
malities can be traced, in part, to the degenera- 
tive myofibrillar alterations, and to successive 
cellular reactions leading to connective tissue 
proliferation. These changes are not considered 
primary but rather the anatomic expression 
of faulty myofibrillar nutritional exchange inci- 
dent to the considerable hypertrophy and 
dilation. Although the alterations were scattered 
throughout the breadth of the ventricular wall, 
the greater involvement of the subendocardium 
and endocardium and the progressive cardio- 
pathy can be ascribed to anoxia incident to the 
intracardiac circulatory insufficiency.*? The 
mural thrombi, moreover, are believed to be 
the result of stasis in association with the endo- 
cardial degenerative changes and the ensuing 
fibrosis. 

Although there is no satisfactory explanation 
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for initiation of the process, h y once 
established acts deleteriously of itself upon the 
intracardiac fluid and oxygen exchange and con- 
tributes importantly to recurrent and progressive 
myofibrillar degeneration. It has been shown that 
the cardiac capillary network per unit of myo- 
fibril diminishes with expansion of the muscle 
mass.** Harrison and his associates have demon- 
strated, further, that the thicker the cardiac 
fiber, the longer the time required for the meta- 
bolic exchange, and so the hypertrophied fiber is 
not conducive to efficient oxygen consumption.** 
Accordingly, an enlarging muscle mass con- 
tributes to impairment of muscle nutrition, for 
hypertrophy augments the requirements of the 
blood supply. This additive demand, in the face 
of a decreased cardiac output resulting from 
heart failure, compounds the problem of the fail- 
ing myocardium. 

The preponderance of the lesions due to 
cardiac anoxia within the subendocardial 
myofibrils has been ascribed to the fact that 
these areas are remote from the source of blood 
supply.** That the epicardial portion of the left 
ventricular myocardium is more richly vascular- 
ized than the subendocardial layer may also 
account for such localization. It has been shown, 
in addition, that the gradient of intramyocardial 
pressure decreases from the deeper to the more 
superficial layers of the cardiac wall during 
systolic contraction.*® In the depth of the myo- 
cardium the intramural tension exceeds that of 
the aortic pressure, while in the superficial 
zones it may be even less than, or equal to, the 
pressure within the aorta and coronary artery 
tree. All these mechanisms conspire finally to 
make the subendocardial musculature more 
vulnerable and therefore more sensitive to the 
effects of a deficient oxygen supply. Once estab- 
lished, the endocardial alterations in themselves 
contribute to the progression of the anoxic 
changes by further compromising the thebesian 
and capillary network. 


CASE REPORTS 


Caset. R. B. (No. 638433), a forty year old 
Negro man, entered The Mount Sinai Hospital 
in January, 1952. He had no knowledge of 
rheumatic fever or hypertension. The nutritional 
history was good; alcoholic intake was minimal. 
In 1941 he was apprised of an enlarged heart. 


There were no symptoms until January, 1951, 


when progressive exertional dyspnea and orthop- 
nea appeared, soon followed by paroxysmal 
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Fic. 11. Case 1. Marked cardiac enlargement, especially 
of left ventricle. Kymographic studies revealed di- 
minished pulsations and paradoxic motion of left ven- 
tricular border suggestive of ventricular aneurysm. 
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nocturnal dyspnea. Digitalis and mercurials 
were administered with but transitory response. 
Symptoms of heart failure worsened and he was 
hospitalized. 

Examination disclosed a well nourished adult 
male with moderate respiratory distress. Fundu- 
scopic examination revealed normal vessels 
with few small exudates. The neck veins were 
distended; there was a positive hepatojugular 
reflux. Fine moist inspiratory rales were present 
at both lung bases. The apical cardiac impulse 
was diffuse but maximal in the sixth intercostal 
space at the anterior axillary line; gallop rhythm 
was noted and the heart sounds were poor. A 
harsh, blowing, grade-4 systolic murmur was 
audible at the apex and transmitted both to 
the axilla and to the base of the heart. No thrill or 
pericardial rub was detected. The second pul- 
monic sound was markedly accentuated and 
louder than the second aortic sound. The blood 
pressure was 120 systolic and 100 diastolic. The 
heart rate equalled the pulse rate and was 140 
per minute. Pulsus alternans was demonstrated. 
The liver edge extended to a point 6 cm. below 
the right costal margin. Ascites and peripheral 
edema were absent. Fluoroscopic and roent- 
genographic examinations disclosed marked 
enlargement of the heart, predominantly of left 
ventricle. (Fig. 11.) Diminished pulsations were 
seen roentgenographically, while electrokymo- 
graphic studies demonstrated paradoxic motion 
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of the left ventricular border suggestive of 
ventricular aneurysm. The electrocardiogram 
showed sinus tachycardia and a pattern of left 
ventricular strain. The venous pressure was 
19.0 cm. of water; the decholin circulation time 
was prolonged to forty seconds. 

The blood hemoglobin, white blood count and 
erythrocyte sedimentation rates were normal. 
The blood urea nitrogen, fasting blood sugar, 
glucose tolerance test and serum cholesterol 
were all within normal limits. The urine con- 
tained a trace of albumin and concentrated to a 
specific gravity of 1.022. Although some ob- 
servers implicated either rheumatic fever, hyper- 
tension or arteriosclerosis as the etiologic agent, 
the majority opinion held that this patient had 
“cardiac hypertrophy and insufficiency of un- 
known etiology.”’ He was given a 200 mg. sodium 
diet, digitalis and intramuscular mercurials. 
There was a weight loss of 10 pounds and some 
improvement of his clinical status. Large 
amounts of the B vitamins were given paren- 
terally and orally. Signs of phlebothrombosis of 
the lower extremities appeared and, accordingly, 
anticoagulant therapy was instituted. After three 
weeks he had improved somewhat, with sub- 
sidence of thrombophlebitis and was discharged. 

Despite rigid maintenance of his regimen the 
patient’s cardiac status deteriorated progres- 
sively; he sustained a pulmonary infarction 
and was readmitted in March, 1952, desperately 
ill with dyspnea, orthopnea, chest pain, cough 
and hemoptysis. The physical findings were 
similar to those previously described except that 
congestive heart failure was more severe. Al- 
though evidence of thrombophlebitis was not 
apparent, anticoagulants and antibiotics were 
resumed, in addition to measures for the manage- 
ment of heart failure. His course was complicated 
by the appearance of a shock-like state associated 
with the “low-salt syndrome” and azotemia. All 
attempts to correct these conditions failed. Heart 
failure worsened and hemoptysis recurred. The 
patient finally succumbed, approximately fifteen 
months after the onset of his symptoms and three 
months subsequent to his first admission to the 
hospital. 

Necropsy Findings (PM 15268). The heart was 
markedly enlarged and weighed 610 gm. The 
pericardial surfaces were smooth and glistening; 
the pericardial sac contained 15 cc. of clear 
serous fluid. The right auricular chamber was 
markedly dilated; its endocardial surface was 
smooth and glistening. The right auricular 
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appendage showed no abnormalities and the 
foramen ovale was closed. The tricuspid orifice 
was moderately dilated; the valve leaflets thin 
and delicate. The chordae tendineae inserted 
in a normal web-like fashion. The right ventricle 
was markedly dilated and its wall slightly 
thickened. The right ventricular endocardium 
was smooth and free of thrombi. The pulmonic 
valve and orifice were normal. The main pul- 
monary artery and its branches, and the pul- 
monary veins were smooth-walled and patent. 
The left auricular chamber was markedly en- 
larged; its endocardium smooth and glistening. 
The mitral orifice was moderately widened but 
the valve leaflets were thin and delicate; its 
chordae tendineae normal. The left ventricular 
chamber was conspicuously enlarged and its 
wall markedly hypertrophied, measuring 20 
mm. in thickness. The endocardium over the 
septal portion appeared slightly thickened and 
greyish white. In the recesses of the trabeculae 
carnae along the septal surface a dark red, 0.3 
cm., slightly adherent thrombus was noted. 
Elsewhere in the left ventricle the endocardium 
was glistening and free of thrombi. The aortic 
orifice was moderately enlarged but the valve 
leaflets were thin and delicate. The coronary 
ostia and arteries were patent and showed but a 
few scattered, minute, slightly raised arterio- 
sclerotic intimal plaques. Histologic sections of 
the heart revealed multiple areas in which the 
myofibrils appeared granular; their architecture 
was indistinct, with nuclear fragmentation and 
loss. Associated with these were scattered 
granulation tissue-like reactive foci with inter- 
spersed lymphocytes and fibroblasts. Within 
these areas entrapped muscle fibers appeared 
atrophic, while others were deeply eosinophilic 
and contained no nuclei. Irregularly dissemi- 
nated fibrotic zones were noted which were 
principally subendocardial in location. The 
endocardium over the interventricular septum 
showed focal avascular, dense, fibrotic thicken- 
ing. The predominant histologic pattern was 
myofibrillar hypertrophy. 

Additional significant pathologic findings 
included passive congestion of viscera; multiple 
pulmonary emboli and infarcts with necrotic 
infarct of the left lower lobe; hydrothorax 
(200 cc.) and fibrous pleuritis on the left. 

Comment. This case illustrates the progressive, 
fatal course of this disease. Congestive heart fail- 
ure could be mitigated only temporarily. 
Pulmonary infarction, incident to peripheral 
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venous thrombosis, and a _ shock-like state 
terminated the course. No clue as to the etiology 
was afforded by either the clinical or the ana- 
tomic findings. 

Case 1. A. C. (No. 622375), a -four 
year old Negro man, was admitted to The 
Mount Sinai Hospital for the first time in 
November, 1950. He was in excellent health 
until 1947 when he was hospitalized elsewhere 
for six weeks because of chest pain, cough and 
hemoptysis. Ten months prior to admission to 
The Mount Sinai Hospital cardiomegaly was 
revealed by a routine chest roentgenogram. 
Eight months before entry the patient noted pain 
and swelling of his left calf, and two months later 
mild exertional dyspnea first appeared. Three 
months before hospitalization a non-productive 
cough ensued and worsened progressively. For 
the ten days prior to hospitalization he noted 
nausea, increasing abdominal enlargement, 
facial edema and, for one day, severe cough and 
dyspnea. Previous history revealed that he had 
had diphtheria at the age of four years but there 
was no knowledge of scarlet fever, rheumatic 
fever or hypertension. His dietary intake was 
adequate; his alcohol consumption minimal. 

On admission the patient appeared acutely ill 
with evidence of congestive heart failure. The 
neck veins were distended; hepatojugular reflux 
was present. The lungs were clear except for 
the presence of a right pleural effusion. The 
heart was enlarged. The second pulmonic 
sound was accentuated and greater than the 
second aortic sound. Regular sinus rhythm with 
a rate of 102 per minute was present. A grade 2 
harsh systolic murmur was maximal in the third 
intercostal space to the left of the sternum. A 
long harsh systolic murmur, heard best at the 
apex, was transmitted to the axilla. The blood 
pressure was 120 systolic, 95 diastolic. The liver 
was felt at a point five fingerbreadths below the 
right costal margin in the mid-clavicular line. 
The spleen edge was not felt. One to two plus 
pedal and sacral edema was present. The cir- 
cumference of the left calf was 2 cm. greater 
than that of the right calf. Laboratory investiga- 
tion revealed the specific gravity of the urine to 
be 1.021. The urine contained 3.0 gm. of albumin 
per liter; no formed elements were present in the 
sediment. Blood count, sedimentation rate, 
Wassermann and Kahn reactions were all 
normal. Blood urea, sugar and cholesterol were 
normal, as were liver function studies. The 
serum bilirubin was 0.5 to 0.9 mg. per cent. 
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Blood cultures were sterile. Venous pressure was 
elevated and the decholin circulation time was 
prolonged. The arterial oxygen saturation was 
19.4 volumes per cent (92 per cent). X-ray of 
the chest demonstrated cardiac enlargement in 
all diameters and a right hydrothorax. Electro- 
cardiograph showed sinus tachycardia, left axis 
deviation and changes compatible with acute 
coronary insufficiency and acute cor pulmonale. 

The precise nature of the patient’s disease was 
not defined on his admission to the hospital. 
He ran a febrile course, with temperatures vary- 
ing from 100 to 102°F. unaltered by penicillin 
and streptomycin. Blood pressure varied between 
95/70 and 128/88 (average 106/80). Despite 
bedrest, salt restriction, the administration of 
digitalis and mercurials, signs of heart failure 
progressed with increasing right pleural effusion, 
distended neck veins, enlarging liver and periph- 
eral edema. Thoracentesis yielded grossly bloody 
but sterile fluid which contained mostly lympho- 
cytes and erythrocytes. After six weeks of illness 
he was discharged from the hospital unimproved. 
He remained at home on a similar regimen, 
again to no avail. Three weeks following dis- 
charge he developed pain and swelling of his 
right calf, and one week later re-entered the 
hospital. His clinical findings were unchanged 
except that now there was evidence of right 
femoral thrombophlebitis. Forty-eight hours 
following readmission he died suddenly. 

Necropsy Findings (PM 14885). The heart 
weighed 470 gm. and was uniformly flabby. 
There were extensive adhesions between the 
parietal leaflet of the pericardium and the 
mediastinal pleurae. The pericardial cavity was 
partially obliterated by fibrous adhesions which 
pocketed gelatinous material. The parietal 
pericardial layers were thin. Jugular veins and 
superior and inferior venae cavae were markedly 
distended and patent with smooth shiny surfaces. 
Conspicuous dilation of the right atrium to four 
times the normal capacity was noted. The 
endocardium was pink and smooth, except 
posterosuperiorly where there was a large yel- 
lowish grey plaque of firm adherent thrombus 
which completely filled a dilated auricular ap- 
pendage. The atrial wall was thickened and the 
musculi pectinati were prominent. The tricuspid 
valve orifice was dilated. There was marked 
dilation and hypertrophy of the right ventricle; 
the wall was thick, flabby and reddish brown 
with punctate yellow speckling and fine yellow 
streaks. The’ region of the septum was occupied 
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by two 1 by 2 cm. soft, yellow, smooth, partially 
liquefied thrombi. Posterior to the anterior 
leaflet of the tricuspid valve, and in contact with 
it, there was a 1.5 by 3 cm. soft, friable, yellow 
thrombus. The anterior leaf of the tricuspid 
valve was shortened, ballooned out and ir- 
regularly thickened. The posterior valve leaflet 
was slightly thickened; its chordae and papillary 
muscle were conglutinated to the ventricular 
wall. The septal cusp was thin, with discrete, nor- 
mally webbed chordae which were interlaced 
by fine interdigitating webs. Posterior to the 
valve beneath its ring were small, irregular, 
grey, firm, adherent thrombi. The endocardium 
inferior to the valve was finely wrinkled and 
stippled, and beneath the tricuspid valve ring 
irregular, broad, grey, subendocardial fibrotic 
streaks were seen. The papillary muscles and 
trabeculae carnae were considerably hyper- 
trophied. The pulmonic valve cusps were fore- 
shortened, with shallow sinuses. The right cusp 
was almost completely adherent to the pul- 
monary artery, having obliterated the sinus but 
leaving a thin, rolled edge. Beneath the valve 
ring subendocardial fibrosis was marked. Just 
superior to the valve fine linear wrinkling of the 
pulmonary artery was noted. The left atrium was 
dilated and its wall slightly hypertrophied; its 
endocardium, normal. The left auricular ap- 
pendage was dilated and free of thrombus. The 
mitral valve leaflets were thin and smooth, the 
chordae tendineae discrete and tenuous with 
normally webbed insertions. The left ventricle 
was dilated and its wall hypertrophied. The 
endocardium was smooth throughout with no 
thrombi. The myocardium was flabby, dark 
red-brown with fine punctate speckling and 
yellow streaks. The papillary muscles and 
trabeculae carnae were hypertrophied. The 
aortic valve orifice was normal. Minimal aortic 
atherosclerosis was seen, only at the arterial 
orifices. The ostia and branches of the coronary 
arteries were widely patent. Histologic examina- 
tion of the right ventricle disclosed multiple areas 
of subendocardial and endocardial fibrous 
thickening with contiguous organizing mural 
thrombosis. In one section a tricuspid valve 
chorda tendinea was i ted into a fibrosed 
endocardial zone. The base of the 

artery showed partial sinus obliteration by the 
endocardial and subendocardial scarring, while 
the tricuspid valve pocket was partially oblit- 
erated by the fibrous endocardial thickening. 
The right atrium was the seat of scattered 
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fibrosed foci. The left ventricular wall revealed 
widespread but predominantly subendocardial 
fibrosis. Interstitial and perivascular foci were 
noted as well, accompanied by moderate re- 
placement of muscle fibers; myofibrillar hyper- 
trophy dominated the histologic picture. There 
were scattered zones of atrophy, granularity and 
smudging of sarcoplasm, with myofibrillar frac- 
ture, mainly subendocardially. 

Other significant necropsy findings included 
severe passive congestion of viscera, mul- 
tiple pulmonary infarcts, anasarca, and right 
hydrothorax. 

Case 1. M. G. (No. 550720) was a twenty- 
four year old white man whose history was inade- 
quate due to mental deficiency. Years prior, the 
patient had an attack of paroxysmal tachycardia 
for which he had received mercuhydrin®. 
On the evening of admission cramp-like peri- 
umbilical pain appeared two hours _post- 
prandially, followed by weakness which in- 
creased progressively. The abdominal cramps 
worsened and were joined by watery stools. 
There was no history of fat intolerance. However, 
he recalled postprandial distention, relieved by 
gaseous eructations. Physical examination re- 
vealed an acutely ill male with a rectal tem- 
perature of 102.4°r. The cervical veins were not 
distended and the chest was clear. The heart 
was enlarged with the point of maximal in- 
tensity outside the mid-clavicular line at the 
fifth intercostal space. The second pulmonic 
sound was louder than the second aortic sound 
and was markedly accentuated. Sinus arrhyth- 
mia of 92 per minute was noted. The blood 
pressure was 120 systolic, 70 diastolic. Marked 
rigidity of the right upper abdominal quadrant 
was noted, with upper right rectus spasm and 
tenderness. No masses were palpable. The urinary 
specific gravity was 1.030; 2 plus albuminuria 
was present. Urinary glucose and bile were 
absent and only rare leukocytes were found in the 
sediment. The blood hemoglobin was normal 
but the white blood count was 12,450 cells per 
cu. mm. with an increase of polymorphonuclear 
leukocytes to 90 per cent. Blood studies, includ- 
ing urea nitrogen, cholesterol, sugar, total 
protein, serum bilirubin, erythrocyte sedimenta- 
tion rate and Wassermann reaction, were all 
normal. Blood cultures remained sterile. Elec- 
trocardiograph revealed auricular flutter, an 
auricular rate of 300 with a 4:1 block. A left 
bundle branch block pattern was demonstrated. 
The impression on admission was that the pa- 
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tient possibly had acute cholecystitis. However, 
the electrocardiographic pattern of auricular 
flutter and the subsequent palpation of an en- 
larged, smooth, tender liver suggested that the 
clinical picture rather might be due either to 
myocarditis with cardiac failure or, perhaps, to 
thrombosis of the hepatic veins with associated 
myocarditis. The arrhythmia was treated with 
quinidine, digitalis and atabrine®, without effect, 
and his febrile course persisted despite penicillin. 
The patient became very disturbed and required 
sedation with paraldehyde. On the third hos- 
pital day he suddenly became cyanotic and 
succumhed. 

Necropsy Findings (PM _ 13481). The heart 
weighed 800 gm. and was markedly enlarged, 
particularly the left ventricle. The pericardial 
surfaces were smooth and glistening; the peri- 
cardial sac contained 75 cc. of blood-stained 
fluid. The right auricle was slightly dilated. The 
wall of the right auricle was thickened and its 
endocardium greyish white. The right ventricu- 
lar wall was hypertrophied and its chamber 
dilated. The endocardium was greyish white 
and irregularly thickened and opaque. The 
left atrium was slightly dilated, its endocardium 
greyish white and finely wrinkled. The left 
auricular appendage was reduced in size, its 
orifice obliterated but its lumen was patent and 
the lining was smooth. The left ventricle was 
markedly hypertrophied and dilated; its endo- 
cardium was normal. A mural thrombus which 
measured 1 cm. in diameter occupied the apical 
segment and overlay a zone of endocardial 
fibrosis. The anterior papillary muscle was 
markedly hypertrophied. All the cardiac valves 
were normal. The pulmonary artery revealed no 
arteriosclerosis. The aorta was smooth and 
elastic; the coronary ostia were normal. The 
coronary arteries were widely patent through- 
out, and revealed no abnormalities. Histologic 
study of the left ventricle revealed severe dis- 
seminated, occasionally confluent zones of 
fibrosis, frequently with admixed elastified fibers. 
These fibrotic areas were distributed throughout 
the thickness of the left ventricular wall but 
were more frequent and conspicuous within the 
inner half. Sudanophilic and glycogen-contain- 
ing islands were scattered within several fibrosed 
areas. Here and there muscle fibers trapped 
within areas of connective tissue proliferation 
were atrophic and had a ghost-like appearance. 
Striking myofibrillar hypertrophy with bizarre 
hyperchromatic nuclei was widespread. There 
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was general sparsity of capillaries. Subendo- 
cardial myocardial degeneration, eosinophilic 
smudging and atrophy were noted. Section 
through the apex of the left ventricle, in addition 
to the foregoing alterations, disclosed an overly- 
ing adherent thrombus the base of which was 
extensively vascularized and organized. Left 
auricular hypertrophy with focal replacement 
fibrosis and a connective tissue endocardial 
excrescence were present. An occasional focus 
of fibrosis was noted within the wall of the right 
ventricle, associated with hypertrophy and 
subendocardial fatty change of myocardial 
fibers. There was no significant histologic valvu- 
lar abnormality. 

Additional pertinent necropsy findings con- 
sisted of bilateral hydrothorax and severe passive 
visceral congestion. There was no evidence of 
cholecystitis and no arteriolosclerosis. 

Case Iv. S. L. (No. 600921), a thirty-two 
year old white man, first became ill fifteen 
months prior to his final admission to The Mount 
Sinai Hospital. The patient had experienced 
exertional and paroxysmal nocturnal dyspnea 
requiring a brief admission to another hospital, 
where severe left heart failure, a very large 
heart and a blood pressure of 125 systolic and 
105 diastolic were recorded. Three months later 
he frst entered The Mount Sinai Hospital. He 
was slightly dyspneic; blood pressure was 
120 systolic, 88 diastolic; pulse rate was 112 per 
minute. The optic fundi were normal. The 
heart was enlarged to the left; diastolic gallop 
rhythm was heard. Neither edema nor cyanosis 
was present. On fluoroscopy the heart appeared 
markedly enlarged, predominantly to the left. 
Blood hemoglobin was 14.2 gm., the white blood 
cell count 11,650 per cu. mm. Urinalysis was 
normal except for slight albuminuria. The 
erythrocyte sedimentation rate was 10 mm. per 
hour (Westergren). The venous pressure was 
15 cm. of blood with a rise to 19.5 cm. upon right 
_ upper quadrant pressure. The circulation time 
with decholin was 25 seconds. The blood urea 
nitrogen was 15 mg., and fasting blood sugar, 89 
mg. per cent. The electrocardiogram showed 
regular sinus tachycardia; P waves were wide 
and notched. 

Coronary arteriosclerosis, diffuse vascular 
disease, acute non-specific myocarditis and re- 
current pulmonary embolism were all considered 
as diagnostic possibilities. Hyperthyroidism was 
excluded by appropriate laboratory studies. 
During the first six hospital days he was fairly 
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comfortable with but mild tachycardia, low 
grade fever and slight dyspnea. Following this 
period he became acutely and severely dyspneic, 
orthopneic, expectorated bright red blood and 
then developed crepitant rales over the right 
lower lobe accompanied by suppression of 
breath sounds. He had obviously sustained a 
pulmonary infarct, confirmed by roentgeno- 
gram. Treatment consisted of a salt-poor diet, 
digitalis, mercurial diuretics, penicillin, heparin 
and dicumarol. For the ten ensuing days the 
patient remained critically ill and then slowly 
improved. When finally ambulated, gallop 
rhythm and dyspnea reappeared and he gained 
several pounds, all of which responded fairly 
well to mercurial diuretics. After eight weeks in 
the hospital he was discharged somewhat im- 
proved. The patient remained on a salt-restricted 
diet, received digitalis and mercuhydrin injec- 
tions. Nevertheless, exertional dyspnea, orthop- 
nea, some substernal discomfort, nausea and 
diaphoresis remained throughout this period. 

Two days prior to readmission he experienced 
a severe exacerbation of substernal pain accom- 
panied by pallor, sweating, vomiting and 
dyspnea. On readmission his rectal temperature 
was 100.2°r. and pulse 130 per minute; blood 
pressure was 110 systolic and 90 diastolic. The 
optic fundi were normal. The left lobe of the 
thyroid gland was diffusely enlarged. Coarse, 
bubbling rales at both lung bases and rhonchi 
throughout the pulmonary fields were audible. 
The heart was enlarged, both to the left and 
to the right; a loud apical systolic murmur and 
diastolic gallop rhythm were present. The liver 
edge was firm and palpable one fingerbreadth 
below the costal margin. Laboratory findings 
were similar to those found on the first admission. 
The cardiac failure which earlier seemed to have 
been purely left-sided now had elements of 
right-sided failure as well. On several occasions 
the patient developed a shock-like state followed 
by pulmonary signs, a picture considered to be 
compatible with recurrent pulmonary embolism. 
Temperature elevations accompanied these ~ 
episodes but for the most part the course was 
afebrile. Right pleural pain was marked and 
persistent. Oxygen therapy and digitalis seemed 
of only limited value. The patient’s condition 
deteriorated progressively and he died on the 
seventieth hospital day. 

Necropsy Findings (PM 14463). The heart 
weighed 740 gm. The pericardium was partially 
adherent to the pleura by fibrous bands. The 
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visceral pericardium was normal. The vena 
cavae showed slight dilation and slight intimal 
thickening. The right auricle was dilated; its 
wall and endocardium were thickened. The 
tricuspid valve was normal. An irregular grey- 
white mural thrombus, about 3 cm. in diameter, 
was attached firmly to the underlying muscle of 
the apex of the right ventricle. The right ven- 
tricle was markedly dilated; its muscle measured 
0.6 cm. on cut section. The myocardium was the 
seat of diffuse grey flecks of fibrosis. Beneath the 
thrombus the wall appeared firm, grey-white 
and scarred, except for a thin subepicardial 
brown muscle layer. The pulmonic valve, pul- 
monary artery and pulmonary veins were nor- 
mal. The left auricle showed irregularly thick- 
ened endocardium and was markedly dilated 
and hypertrophied; the muscle on section aver- 
aged 0.5 cm. in thickness. The mitral valve was 
normal. The left ventricle was markedly dilated 
and hypertrophied. The muscle appeared red- 
brown, slightly firmer than usual and was flecked 
with small grey-white fibrosed foci; the papillary 
muscles were rotund and firm. The interventric- 
ular septum measured 1.5 cm. in width and 
displayed a gross picture similar to that of the 
papillary muscle and the wall of the left ven- 
tricle. A grey, laminated, firmly adherent mural 
thrombus, about 4 cm. in diameter, was situated 
on the left ventricular wall near the apex, at- 
tached to opacified endocardium over the 
trabeculae carnae. The muscle beneath the 
thrombus was grey-white throughout the 
ventricular wall to the pericardium. The re- 
mainder of the endocardium in the left ventricle 
was opaque and thickened. The aortic valve was 
normal. The aorta showed but slight arterio- 
sclerosis and was hypoplastic. The coronary 
arteries were widely patent throughout their 
course; arteriosclerotic alterations were sparse. 
Microscopic examination of the heart dis- 
closed striking muscle fiber hypertrophy. Endo- 
cardial and subendocardial fibrosis was widely 
disseminated and moderately severe, associated 
with granularity, vacuolization, smudging and 
fracture of adjacent myocardial fibers. The 
apical mural thrombi were extensively fibrosed, 
contained macrophages laden with iron-pigment 
and were traversed by islands of lymphocytes. 
Focal myonecrosis of the posterior papillary 
muscle of the left ventricle was noted, with 
linear hemorrhage and reactive polymorpho- 
nuclear leukocytes. A small intramuscular 
branch of a coronary artery within the vicinity 
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of a fibrotic lesion was the site of an organized 
occlusion, and was believed to have been the 
sequel to the myocardial abnormality. The 
aorta and cardiac valves presented no histo- 
pathologic changes. 

Associated necropsy findings included throm- 
bophlebitis of the right posterior tibial veins, 
organized and recent pulmonary emboli with 
infarction, bilateral organized pleuritis, small 
left pleural effusion and organized and recent 
infarcts of kidneys and spleen. 

Case v. M. M. (No. 575111), a thirty year 
old Puerto Rican woman with no 
history of hypertension, renal disease or rheu- 
matic fever, noted the onset of exertional dyspnea 
one month prior to entry. This symptom gradu- 
ally increased in severity. Subsequently, orthop- 
nea and ankle edema appeared with rapid 
worsening in the few days prior to hospitaliza- 
tion. Examination presented an obese, well 
developed female in moderate congestive heart 
failure and respiratory distress. Diminution 
of breath sounds at the right lung base was 
noted. The heart was enlarged, with the point of 
maximal intensity in the fifth intercostal space 
to the left of the mid-clavicular line. The second 
pulmonic sound was equal to the second aortic 
sound; a soft blowing systolic murmur was 
heard best at the apex. The pulse was regular 
and rapid with a rate of 120 per minute. The 
blood pressure was 140 systolic and 100 diastolic. 
The ocular fundi were normal. The liver edge 
was tender and palpated 8 cm. below the right 
costal margin. The spleen was felt at the left 
costal border. Edema of both lower extremities 
was present. The urine revealed a_ specific 
gravity of 1.022, 2 plus albumin, no sugar and 
occasional red and white blood cells on micro- 
scopic examination. The blood count, sedimen- 
tation rate, blood urea nitrogen, fasting blood 
sugar, cholesterol and serum protein values were 
all normal. Serologic tests for syphilis were nega- 
tive. Phenolsulfonphthalein excretory studies 
demonstrated 55 per cent excretion in two hours; 
the urea clearance was 30 cc. per minute (55 per 
cent of normal). Moderate symmetric cardiac 
enlargement and bilateral pleural effusions were 
demonstrated by teleroentgenogram. Electro- 
cardiogram revealed regular sinus rhythm with 
T waves either low or diphasic in all leads, indic- 
ative of myocardial abnormality. Venous pres- 
sure was elevated to 17.5 cm. of water; circula- 
tion time (calcium gluconate) was 40 seconds. A 
regimen of salt restriction, digitalis and mer- 
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curials effected a loss of 40 pounds of weight 
within the first week of hospitalization. During 
the subsequent four weeks however, no further 
weight loss occurred. Blood pressure averaged 
approximately 140 systolic and 100 diastolic. In 
spite of an apparently initial satisfactory re- 
sponse, pulsus alternans supervened on the 
forty-ninth hospital day, she suddenly com- 
plained of dizziness and died. 
Necropsy Findings (PM 13928). The heart 
weighed 550 gm. and was considerably en- 
larged. The pericardial sac contained 100 cc. of 
thin serosanguineous fluid. All chambers were 
dilated and their walls were thickened. The 
valves were normal except for a few minute 
nodose areas along the edges of the mitral and 
tricuspid leaflets. A few chordae tendineae of the 
tricuspid valve appeared shortened but the 
remaining chordae of the tricuspid and all of 
those of the mitral valve appeared normal. The 
coronary arteries and their ostia disclosed no ab- 
normalities. The endocardium was smooth and 
the chambers contained no thrombi. The pul- 
monary artery was normal; minimal arterio- 
sclerosis of the aorta was noted. Histologic study 
revealed widespread extensive myocardial scar- 
ring in varying stages. The earliest lesions were 
composed of loose, relatively cellular connective 
tissue containing moderate numbers of lympho- 
cytes, plasma cells, macrophages and rare 
polymorphonuclear leukocytes. Other areas 
were dense, acellular but vascularized, whereas 
the oldest lesions were avascular, often elastified 
and acellular. Fragmented, granular and occa- 
sionally vacuolated myocardial fibers were 
scattered throughout, usually in association with 
the more recent fibrotic foci. Focal necrosis of 
the anterior wall of the left ventricle was seen, 
with associated fine linear hemorrhage. Hyper- 
trophied muscle fibers were abundant. Although 
interstitial and replacement myofibrillar fibrosis 
was seen throughout the thickness of the ventric- 
ular wall, predominant alterations were in the 
subendocardium and, to a somewhat lesser 
degree, in the endocardium. The tricuspid valve 
was mildly edematous and contained a moderate 
number of loosely-knit fibroblasts, as well as a 
focal collection of lymphocytes. Vascularization 
was absent. In the area of adherent chordae 
(vide supra) sclerosis of endocardium was mild 
and extended into the subjacent myocardium. 
Significant associated postmortem findings 
included chronic passive congestion of the lungs, 
liver, spleen and kidneys. Some mild pyelone- 
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phritic scarring was found but evidence of ar- 
teriosclerosis of the kidneys and other organs 
was absent. 

Comment. This patient’s course was quite 
brief following the inception of cardiac failure. 
Although blood pressure values were persistently 
at levels of 140 systolic, 100 diastolic, post- 
mortem studies failed to demonstrate any 
nephrosclerosis or other significant renal lesion. 
Hence hypertension is not considered to have 
been the etiologic factor in her cardiac disease. 
The outstanding pathologic feature was the 
myocardial and interstitial lesion which could 
not be ascribed to vascular factors. 

Case vi. J. O. (No. 408197), a forty-four 
year old Puerto Rican woman, was admitted 
in extremis. A detailed history was unobtainable 
but apparently for four months she had had 
marked dyspnea and edema of the lower 
extremities. During this period the respiratory 
difficulty was almost intractable, with slight 
and but transitory relief following digitalization. 
Physical examination disclosed an extremely 
dyspneic, orthopneic woman with ashen-grey 
cyanosis. The pupils were miotic due to morphine. 
The lungs upon percussion were flat at both 
bases and mid-way up the right hemithorax. 
Breath sounds were distant over both lower lobes, 
with fine moist rales audible at both bases. The 
heart was enlarged, both to the right and to the 
left; the point of maximal impulse was at the 
anterior axillary line at the sixth rib. The 
cardiac sounds were distant and the rate rapid. 
A systolic murmur which was not transmitted 
was audible at the apex. The blood pressure 
was 140 systolic and 100 diastolic. Moderate 
ascites was present. The liver was enlarged, its 
edge extending almost to the level of the umbili- 
cus. Vigorous therapy consisting of phlebotomy, 
digitalization, thoracentesis, mercurials and 
oxygen yielded no improvement. Her pulse 
remained rapid and weak, the respiratory rate 
decreased, the blood pressure fell to shock 
levels and the patient died within several hours 
of her admission. : 

Necropsy Findings (PM 10355). The heart 
weighed 430 gm. There were many agonal pin- 
head-sized petechial hemorrhages in the parietal 
pericardium. The pericardial sac held a small 
quantity of straw-colored fluid. The vena cavae 
and tributaries were greatly engorged. The 
auricular endocardial layer was opaque and 
suggestively rugose. The tricuspid valve leaflets 
were thin, with scalloped edges; chordae 
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tendineae were delicate. The wall of the right 
ventricle was moderately hypertrophied, flabby 
and had a grey cast. In the subendocardium were 
many greyish yellow linear streaks. The sinus 
venosus, pulmonary conus and pulmonary 
valve cusps presented no abnormalities. The left 
auricular wall was moderately hypertrophied 
and its chamber dilated. The mitral valve 
and its chordae tendineae were normal. The left 
ventricle was strikingly dilated and its wall 
greatly hypertrophied. The myocardium was 
flabby and greyish red; the endocardium was 
irregularly thickened. The aortic valve cusps 
were thin while the aorta, except for a moderate 
number of small intimal plaques, presented no 
abnormalities. The coronary ostia and arteries 
were normal. 

Histologic examination revealed a greatly 
and irregularly thickened auricularendocardium. 
Beneath this a layer of fat vacuoles was noted. 
The subepicardial capillaries were dilated and 
engorged. The mitral valve leaflet was focally 
vascularized, its free margin slightly swollen 
and composed of loose connective tissue. The 
ventricular endocardium was irregularly thick- 
ened due to connective tissue proliferation; 
marked perivascular fibrosis was _ scattered 
throughout. Perivascular collections of lympho- 
cytes were seen, intermingled with minute 
groups of deeply basophilic giant cells. The 
latter contained large vesicular nuclei with 
darkly staining nucleoli. Much of the ventricular 
myocardium exhibited an amorphous, deeply 
eosinophilic stain with indistinct cross-striations. 
Other areas contained collections of lymphocytes 
with an occasional polymorphonuclcar leuko- 
cyte grouped about foci of necrotic and atrophic 
myofibrils. Hypertrophied muscle fibers domi- 
nated the histologic picture. A fat stain dis- 
closed no increase in sudanophilic material. 

Associated postmortem findings consisted of 
ascites, bilateral hydrothorax and _ localized 
fibrocaseous tuberculosis of the right upper lobe. 

Case vi. R. P. (No. 633181), a forty-one 
year old white woman, was well until three 
years prior to her admission to The Mount 
Sinai Hospital when she first suffered the onset of 
exertional dyspnea and was found to have a 
right hydrothorax. She was treated with digitalis, 
mercurials and salt-restriction. In the interven- 
ing period she had had intermittent but only 
moderate symptoms which were characterized 
by dyspnea, cough and bouts of palpitation. Her 
symptoms increased in severity and she was 
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therefore hospitalized. There was no familial 
history or previous personal knowledge of 
diabetes mellitus or rheumatic fever. 

Physical examination revealed a chronically ill 
but well developed white female. The fundi 
were normal. The thyroid gland was not en- 
larged. The neck veins were distended. Bilateral 
pleural effusion was present. Examination of the 
heart revealed the point of maxima! intensity 
in the sixth intercostal space at the anterior 
axillary line. Heart sounds were of poor quality, 
sinus tachycardia and a gallop rhythm were 
noted; heart rate averaged 140 beats per minute. 
The blood pressure was 130 systolic and 100 
diastolic. The second aortic sound was more 
intense than the second pulmonic sound. The 
liver edge was felt 2 cm. below the right costal 
margin. One plus bilateral pitting pretibial 
edema was present. The venous pressure was 
elevated and the circulation time with decholin 
was prolonged to forty seconds. Laboratory 
studies disclosed a normal blood hemoglobin, 
the white cell count varied from levels of 7,000 
per cu. mm. to as high as 18,000 per cu. mm. 
Differential smear showed an increase of poly- 
morphonuclear leukocytes. The sedimentation 
rate, however, was normal (Westergren). Blood 
urea nitrogen, initially, was normal and the 
fasting blood sugar, 150 mg. per cent. Urinary 
studies revealed a specific gravity of 1.018, 1 
plus albuminuria, no glycosuria and a catheter- 
ized urine specimen contained many leukocytes 
which were occasionally clumped. Blood culture 
studies were negative. A skin and muscle biopsy 
showed no evidence of systemic vascular disease. 
Lupus erythematosus cells were not found. Blood 
cholesterol, cholesterol esters and blood proteins 
were all normal. Fluoroscopy and teleroentgeno- 
gram demonstrated moderate symmetric cardiac 
enlargement but no pulmonary infiltrations. 
Electrocardiogram presented regular sinus tachy- 
cardia with occasional auricular and ventricular 
premature contractions. There was left axis 
deviation; the P waves were wide and notched. 
Inversion of the T waves in the limb leads and 
the majority of the precordial leads was present. 

On admission the patient’s temperature varied 
between 100° and 101°r. Routine therapy for 
congestive heart failure effected a weight loss of 
14 pounds. The fever and urinary findings 
launched an extensive urologic investigation. 
Urine culture yielded E. coli and enterococci. 
Cystoscopy disclosed only injection of the vesical 
mucosa but catheters placed in both ureters 
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showed the urinary efflux to contain numerous 
white cells. Retrograde pyelography nevertheless 
revealed normal kidneys. Therapy of the urinary 
tract infection included gantrisin®, chloro- 
mycetin®, penicillin and streptomycin, in various 
combinations and dosages, all of which failed to 
alter her urinary status. The blood pressure 
remained at approximately 130/100. On the 
sixteenth hospital day the patient suffered an 
episode of headache and dizziness followed by 
numbness of the entire right side of the body, and 
by a shock-like picture with blood pressure 
falling to 90/72. In view of the possibility that 
diffuse myocarditis might be responsible for 
these findings cortisone was administered, with 
subsidence of fever but no improvement in the 
patient’s status. Cough, hemoptysis and cyanosis 
appeared; shock persisted. Suspension of the 
cortisone failed to change her course and the 
patient succumbed two weeks after the initia- 
tion of cortisone therapy, and two months 
following admission. 

Necropsy Findings (PM 15163). ‘The heart was 
enlarged and weighed 450 gm. The pericardium 
was normal. The right atrium was dilated to 
approximately one and one-half times the 
usual capacity; its wall was somewhat thickened. 
The endocardial surface was smooth. Two grey- 
pink thrombi 0.5 cm. in diameter were conglu- 
tinated to the auricular appendage between the 
musculi pectinati. The right ventricular chamber 
was moderately dilated and its wall markedly 
thickened. The left atrium was dilated con- 
siderably and only slightly hypertrophied; its 
endocardium was smooth, glistening and free of 
thrombi. The left ventricle was conspicuously 
dilated and its wall moderately thickened. Its 
chamber was partially filled with a massive 
pink-grey thrombus which occupied the apical 
portion of the ventricular cavity. This thrombus 
was adherent to the endocardium of the antero- 
inferior segment of the interventricular septum 
and the posterior ventricular wall, except in the 
region beneath and behind the posterior cusp 
of the mitral valve. The central portion of the 
thrombus was diffluent and grey; more periph- 
eral areas were friable, grey-pink and trav- 
ersed by grey-white bands in coral pattern. In 
several places where the thrombus was adherent 
to the endocardium, thin linear junctional 
fibrosis appeared to course within both endo- 
cardium and subendocardium. The _ endo- 
cardium uninvolved by thrombus was smooth 
and translucent. The apex of the left ventricle 
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was thinned for an area of 3 cm. in diameter, 
averaged 0.5 cm. in width, and was brown on 
section. Cut surfaces of the myocardium pre- 
sented many scattered, thin, linear areas of grey- 
white tissue throughout, occasionally mainly 
subepicardial, more often principally subendo- 
cardial in site. The apices of the anterior and 
posterior papillary muscles of the left ventricle 
were streaked with mottled yellow-brown and the 
seat of scattered petechial hemorrhages. The cor- 
onary arteries, their ostia and the cardiac valves 
were normal. The aorta and pulmonary artery 
presented focal disseminated intimal plaques. 

Histologic study of the heart disclosed diffusely 
scattered islands of connective tissue, often 
mainly subendocardial with entrapped myo- 
fibrils. The endocardium also showed fibrous 
tissue thickening, both avascular and occa- 
sionally fairly well capillarized. Degeneration of 
muscle fibers, fragmentation, vacuolization, 
eosinophilic smudging and loss of striations were 
seen with occasional reactive infiltrates consist- 
ing of lymphocytes, macrophages and plasma 
cells. Adjacent to the mural thrombi, scattered 
linear and occasionally broader islands of poly- 
morphonuclear leukocytes were noted. A striking 
feature was the presence of foci of necrosis, 
hemorrhage amongst fractured myofibrils and 
polymorphonuclear leukocytes within the poste- 
rior papillary muscle of the left ventricle. Myo- 
cardial hypertrophy was the principal histo- 
pathologic feature. A gram stain for bacteria 
was negative. Section of the right atrium showed 
subendocardial and endocardial fibrosis with 
organizing mural thrombus. 

Associated significant postmortem findings 
included chronic passive congestion of the lungs, 
liver and spleen. Multiple pulmonary infarctions 
were present. Infarction of the spleen and 
kidneys was also noted. Left renal calculus with 
secondary hydronephrosis and chronic pyelone- 
phritis was found. However, there was no 
evidence of systemic or renal vascular disease. 

Comment. This patient had a _ three-year 
course of congestive heart failure. Although there ~ 
was some elevation of the diastolic pressure, 
it was believed that this degree of elevation could 
not account for her cardiomegaly, but rather 
that it was an expression of paradoxic stasis 
pressure. Other conventional etiologic mecha- 
nisms of heart disease were excluded. The 
patient’s final course was marked by fever and 
simulated that of an active myocarditis but 
ultimately was more accurately ascribable to the 
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multiple infarctions and to pyelonephritis. 
There was no systemic vascular disease. 

Case vir. W. R. (No. 49863), a forty-one 
year old white man, learned two years before 
admission that he had a very slow pulse. During 
the course of a physical examination two and 
one-half months prior to hospitalization he was 
informed of the presence of “possible fibrilla- 
tion.” Following this he noted exertional 
dyspnea for the first time. He later gained em- 
ployment as a hospital orderly, at which time an 
electrocardiograph showed regular sinus rhythm. 
Nevertheless, he was given digitalis. Three weeks 
before admission he noted progressively increas- 
ing dyspnea, soon joined by swelling of the legs 
which then worsened rapidly. Several nights 
before hospitalization he had had an attack of 
paroxysmal dyspnea accompanied by a choking 
sensation. There was no previous history of 
rheumatic fever, hypertension or diabetes. 

The patient was markedly obese, dyspneic, 
orthopneic and cyanotic. The cervical veins 
were distended. Signs of fluid were detected over 
the right lower hemithorax; moist rales were 
audible bilaterally. The cardiac apex was dis- 
placed to the left, with the point of maximal 
impulse felt in the fifth and sixth interspace 
beyond the left anterior axillary line. The heart 
sounds were of poor quality and a faint localized 
apical systolic murmur was heard. The second 
pulmonic sound was accentuated and louder 
_ than the second aortic sound. The rhythm was 

regular with rare extrasystoles. The blood pres- 
sure was 100 systolic and 80 diastolic. The liver 
was markedly enlarged and tender. Considerable 
edema, extending to above the iliac crests and 
involving the lower half of the abdominal wall, 
was noted. Laboratory studies revealed a normal 
blood count, fasting blood sugar, blood urea 
nitrogen, plasma protein and icteric index. 
Serologic tests for syphilis were negative. The 
electrocardiogram showed left axis deviation, 
regular sinus rhythm with occasional premature 
ventricular contractions. The QRS complex 
measured 0.12 seconds. T1 and T2 were 
diphasic, and T3 isolectric. Serial tracings failed 
to demonstrate progressive changes. The pa- 
tient’s temperature varied irregularly from nor- 
mal to 102°r. His symptoms of dyspnea and 
orthopnea progressed despite therapy with salt 
restriction, digitalis, diuretics, oxygen, phlebot- 
omy, thoracentesis and large doses of thiamine 
chloride. His course was complicated by an 
episode of left chest pain, following which a 
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friction rub appeared to the 
left of the sternum. The blood urea nitrogen rose 
steadily from 8 to 66 mg. per cent, and the 
patient succumbed on the fifteenth hospital 
day in intractable heart failure and uremia. 
Among the clinical diagnoses considered were: 
rheumatic heart disease with silent mitral stenosis, 
Fiedler’s isolated myocarditis, hypertensive heart 
disease with previous myocardial infarction, 
beri-beri heart disease, heart failure due to 
obesity, myxedema heart disease and right heart 
failure due to pulmonary hypertension of un- 
known etiology. 

Necropsy Findings (PM 12360). The heart 
was markedly enlarged and weighed 710 gm. 
The pericardium was adherent to the pleura at 
the base of the left upper lobe but was easily 
detached. The epicardium presented ill-defined 
congested areas over its anterior aspect. The 
pericardial sac contained a few cubic centi- 
meters of clear, straw-colored fluid. The cardiac 
valves were normal. The myocardium was 
brownish yellow, markedly hypertrophied and 
extremely flabby. All the chambers, particularly 
those of both ventricles, were considerably 
dilated but contained no thrombi. On section a 
few tiny, irregular, deep red foci, especially in 
the anterior papillary muscle and in the anterior 
wall of the left ventricle, were observed. In the 
posterior wall of the left ventricle there was an 
irregular endocardial, slightly elevated, yellow- 
ish grey transverse streaked area measuring 
approximately 8 by 2 mm. The main branches 
of the coronary arteries, but chiefly the left 
circumflex, showed occasional flat, small athero- 
matous plaques; however, their lumina were 
widely patent throughout. The coronary ostia 
were normal. The aorta was elastic and showed 
scattered atheromatous plaques. 

Histologically, the heart disclosed diffuse 
and conspicuous fibrosis with atrophy, granular- 
ity, loss of striations, occasional fracture and 
replacement of scattered muscle bundles, the 
major alterations being within the subendo- 
cardial layers. Fibril hypertrophy, nevertheless, 
was the dominant cardiac abnormality. Focal 
hemorrhage and necrosis of the anterior papillary 
muscle of the left ventricle was seen. Slight 
scattered focal thickening of the left ventricular 
endocardium was noted. The cardiac valves dis- 
closed no noteworthy histopathologic altera- 
tions. Sections of the coronary artery tree 
revealed minimal arteriosclerosis without lumen 
encroachment. 
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Other significant necropsy findings included 
severe acute and chronic passive congestion of 
the liver, spleen and intestines, bilateral femoral 
and left saphenous vein thromboses with multi- 
ple secondary pulmonary infarcts, subacute 
duodenal ulcer and obesity. 

Case 1x. L. V. (No. 630024), a thirty-one 
year old Puerto Rican man, was admitted with 
the complaints of shortness of breath and ankle 
edema of only a few months’ duration. Prior to 
this the patient stated that he had been in 
excellent health. At the age of eighteen years he 
had passed an Army physical examination, at 
which time his blood pressure and urine were 
said to have been normal. Four months before 
hospitalization shortness of breath and weakness 
appeared abruptly and became progressively 
worse soon thereafter. At another hospital he was 
treated vigorously with mercurial diuretics, 
digitalis and a low-salt diet, which had resulted 
in a loss of 30 pounds. Following a brief con- 
valescence he returned to work but was never 
free of shortness of breath and he continued to be 
easily fatigued. Three weeks before entry he 
again noted ankle edema, rapid weight gain, 
increasing dyspnea and abdominal swelling. 

Examination revealed a young male in severe 
congestive failure; dyspneic, orthopneic and 
cyanotic. Temperature was 100°F.; pulse 120 
per minute; blood pressure 108 systolic and 90 
diastolic. The neck veins were markedly dis- 
tended and filled from below. Fine, moist, basal 
rales were heard bilaterally. The heart was 
markedly enlarged to both the right and left; 
heart sounds were distant. A distinct gallop 
rhythm and a soft apical non-transmitted systolic 
murmur were heard. The abdomen was dis- 
tended and its wall edematous. The liver was 
tender and enlarged to two fingerbreadths below 
the costal margin. Two plus ankle edema and 
one plus sacral edema were present. 

The urine revealed a specific gravity of 1.010, 
one plus albumin, an occasional red cell, two to 
three white cells per high power field, and an 
occasional hyaline cast. The hemoglobin, white 
blood count, erythrocyte sedimentation rate and 
blood urea, sugar, chlorides, carbon dioxide 
combining power, sodium, potassium and pro- 
teins were normal. L. E. cells were not demon- 
strated. The antifibrinolysin titer was normal. 
Electrocardiogram showed a sinus tachycardia 
with frequent premature ventricular contrac- 
tions. The RS-T interval was depressed and the 
T wave inverted in leads 1 and u. The RS-T 


Cardiac Hypertrophy of Unknown Etiology—Elster et al. 


interval was elevated in precordial lead V, 
to and depressed in lead to Vz. 
Teleroentgenogram demonstrated marked car- 
diac enlargement, predominantly of the left 
ventricle. 

The patient’s course was one of intractable 
myocardial insufficiency; he was never fully 
relieved of congestive failure during the seven 
weeks to exitus. Venous pressure remained over 
200 mm. of water, while decholin circulation 
time ranged between fifty and sixty-five seconds. 
Digoxin was at first withheld because of the 
electrocardiographic demonstration of bigeminal 
rhythm and varying A-V block, later given 
without benefit. Mercurial diuretics were admin- 
istered repeatedly for alleviation of dyspnea and 
edema. After one month in the hospital he com- 
plained of left calf tenderness and, despite 
dicumarolization, developed pleuritic pain, fever 
and hemoptysis. A friction rub appeared first at 
the right base and subsequently on the left side. 
Icterus followed, with blood bilirubin rising to 
9 mg. per cent. Mercurial diuretics were with- 
held in view of the fear of inducing a low-salt 
syndrome, until pulmonary edema _ finally 
supervened. Following one injection of mercu- 
hydrin evidences of the low-salt syndrome 
recurred. The patient precipitately became 
severely dyspneic, maniacal and died after seven 
weeks in the hospital. 

Necropsy Findings (PM 15095). The heart 
weighed 550 gm. and was enlarged in all dimen- 
sions. The pericardium was normal. The inferior 
vena cava was dilated and engorged; the left 
internal jugular vein was found completely 
occluded by a dark greyish red, friable mass. 
The chamber of the right auricle was dilated 
and its wall slightly hypertrophied; its endo- 
cardium was smooth and shiny. The tricuspid 
valve was normal. The right ventricle was 
dilated; its wall and trabeculae carnae thickened. 
The myocardium measured 3 mm. in thickness 
except for one area 4 cm. in diameter at the 
upper portion of the anterior wall, where it was 


_ barely 1 mm. in thickness. Here it was diffusely ~ 


grey, inelastic and on its pericardial aspect had a 
slightly purplish hue, while the adjacent 
endocardium was grey and opaque. The re- 
mainder of the myocardium showed a number of 
diffuse yellow-grey patches of fibrosis spreading 
from the endocardium toward but not reaching 
the pericardium. A 2 mm. round, red, firm 
thrombus was adherent to the endocardium of 
the lower anterior wall of the left ventricle. The 
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pulmonic valve and pulmonary artery were 
normal. 

The left auricle was enlarged and its wall 
thickened. The mitral valve disclosed no ab- 
normalities. The left ventricle was markedly 
dilated and moderately thickened; its wall aver- 
aged 1.2 cm. in thickness. Several 1 to 2 cm. 
laminated thrombi were firmly attached to the 
endocardium. A number of scattered 0.2 to 
0.5 cm. diffuse, grey-white areas were seen in the 
endocardium. The cut surface of the myocardium 
contained small, grey-yellow subendocardial 
areas similar to those observed in the wall of the 
right ventricle. High on the posterior aspect of 
the left ventricle near the septum, a thinned 
zone, 2 cm. in diameter, was located. The 
aortic valve was normal; the aorta elastic. The 
coronary arteries and ostia were widely patent, 
although the arterial intima contained a few 
flat, yellow, atherosclerotic plaques. 

Histologic examination of representative seg- 
ments of the heart disclosed predominantly 
hypertrophied muscle fibers which, here and 
there, had been replaced by connective tissue. 
Within these foci scattered myofibrils appeared 
granular and vacuolated, and their architecture 
indistinct. In addition, fracture of smudged 
myofibrils, the nuclei of which had undergone 
degenerative changes, was present while a 
number of fibrils showed complete loss of nuclei. 
Reactive foci of lymphocytes and scant poly- 
morphonuclear leukocytes were seen, especially 
in the vicinity of mural thrombi. Fibrosis was 
encountered, principally toward the endo- 
cardium with conspicuous involvement of this 
layer with foci of hyalinization. In addition, 
organizing and healed mural thrombi were 
noted, with elastification of the endocardium 
and subendocardium adjacent to the thrombotic 
masses. The posterior papillary muscle of the 
left ventricle revealed widespread fibrosis; the 
anterior papillary muscle was the seat of both 
focal and confluent scarred areas. Minimal 
arteriosclerosis of the coronary arteries was 
found. However, in one area of an accessory 
right coronary artery to the upper anterior right 
ventricle what appeared to be an organized 
occlusion was found. Nevertheless, the total 
myocardial alterations could not reasonably be 
ascribed to this lesion. Except for mild edema 
of the mitral valve posteriorly, there were no 
histopathologic valvular findings. 

Other significant necropsy findings consisted 
of severe passive congestion of viscera, multiple 
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infarcts of lungs, spleen and kidneys, bilateral 
pleural effusion and icterus. 

Case x. O. W. (No. 406347), a fifty-three 
year old Negro porter, became ill six months 
prior to hospitalization with productive cough 
and right chest pain. Two months later exer- 
tional dyspnea appeared, followed by orthopnea, 
ankle edema, episodes of nocturnal dyspnea and 
finally, hemopytsis. Previous history included 
gonorrheal urethritis at the age of sixteen years, 
but syphilis was denied. He had knowledge 
neither of rheumatic fever nor of any other 
significant infectious disease; nor was there an 
allergic background, hypertension or coronary 
artery disease. 

The patient was fairly well developed, some- 
what undernourished and markedly dyspneic 
and orthopneic. The pupils were slightly 
irregular, the left larger than the right, but both 
reacted to light and accommodation. The retinal 
arteries were mildly narrowed but there were no 
hemorrhages or exudates. The chest configura- 
tion was normal. Bilateral pleural effusions were 
detected with many coarse, moist rales at both 
lung bases, more marked in the left lung. A 
coarse, loud friction-rub was audible over the 
lower right mid-axillary line. The cardiac apical 
impulse was diffuse but palpable maximally in 
the mid-axillary line in the fifth and sixth inter- 
costal spaces. High-pitched, loud apical systolic 
and soft systolic pulmonic murmurs were heard, 
neither transmitted. The heart sounds were of 
poor quality; the second pulmonic sound was 
accentuated. Gallop rhythm with regular sinus 
tachycardia was present. Radial pulses were 
equal, synchronous, regular and of full quality; 
the blood pressure was 118 systolic and 108 
diastolic. The liver edge was percussed 4 cm. be- 
low the right costal margin. Slight pitting edema 
of the lower extremities was seen. There was 
no evidence of peripheral neuropathy. Labora- 
tory data disclosed the urinary specific gravity 
to be 1.020. A faint trace of albumin, no gly- 
cosuria and occasional white blood cell and 
granular casts were detected. The blood count 
was normal. The blood urea nitrogen was 35 
mg. per cent and the fasting blood sugar 175 mg. 
per cent. The erythrocyte sedimentation rate was 
90 mm. per hour (Westergren). Serologic tests 
for syphilis were negative. The electrocardio- 
gram revealed left bundle branch block. 

On admission to the hospital his status was 
extremely grave. Despite salt restriction, digitalis, 
mercurial injections, oxygen and phlebotomy, 
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the severity of heart failure was unabated, 
the febrile course persisted with preterminal 
rise to 102°F., and he died six days following 
entry. 

Necropsy Findings (PM 10312). The heart 
weighed 500 gm. The pericardial cavity con- 
tained a small quantity of clear, straw-colored 
fluid. Numerous petechial hemorrhages were 
seen in the epicardium. Several epicardial 
plaques (soldier’s patch) were present on the 
anterior and posterior surfaces of the right 
ventricle. The right auricular chamber was 
dilated; the foramen ovale closed. The tricuspid 
valve was irregularly thickened in the distal 
margins of the anterior leaflet. The cavity of the 
right ventricle was moderately dilated and its 
wall was thickened. Flattened and thickened 
trabeculae carnae were present. The pulmonic 
valve cusps were normal. The left auricle was 
dilated and its wall was hypertrophied. The 
endocardium disclosed several yellowish grey 
and yellowish pink flat, firm elevations 2 to 5 
mm. in size. The anterior leaflet of the mitral 
valve contained greyish yellow foci of thickening 
along its distal third. The chordae were thin and 
showed normal web-like insertions. The cavity 
of the left ventricle was markedly dilated, its 
wall thickened. The interventricular septum 
bulged into the right ventricular chamber. The 
endocardium of the left ventricle was the seat of 
numerous mural thrombi. These were firm, 
yellowish grey with reddish brown areas; section 
revealed firm reddish brown laminated material 
near the base. Four large mural thrombi, aver- 
aging 3.5 cm., and many 0.5 to 1.0 cm. in diam- 
eter were located in the interstices of the trabecu- 
lae carnae over the posterior, anterior and apical 
segments of the left ventricle. The endocardium 
over the posterior papillary muscle showed 
yellowish grey, quadrilateral, 1 by 1.5 cm. 
plaque-like thickening. The apex of the posterior 
papillary muscle was yellowish white and the 
site of 2 to 3 mm., irregularly shaped, greyish 
yellow areas. The papillary muscles were large 
and rotund. The aortic valve showed no abnor- 
malities. The myocardium throughout was 
brown and fairly firm. The coronary ostia were 
normally patent and the wall of the coronary 
vessels disclosed no abnormalities. The aorta 
was normal but the site of scattered, slightly 
elevated intimal plaques, predominantly in the 
abdominal aorta. 

Histologic studies of the auricular endo- 
cardium in its deeper layers revealed swollen, 
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clear, smooth muscle cells with irregular nuclei. 
The ventricular endocardium was irregularly 
thickened by fibrous tissue proliferation within 
the elastic lamina. Beneath the auricular and 
ventricular endocardium the muscle cells were 
pale, vacuolated and showed considerable 
glycogen deposits. Sections of many varied sites 
revealed numerous areas of interfascicular 
fibrosis with atrophic muscle fibers. In scattered 
zones the fibers were separated by extensive 
bundles of connective tissue. The latter was 
generally very loose in character and principally 
situated near the endocardial layer. Scattered 
perivascular zones of fibrosis were also present; 
in other sites fine diffuse interfascicular fibrosis 
was the dominant feature. Occasionally in the 
thickened septa, collections of a few lymphocytes 
and mesenchymal cells were seen. In one area 
of the left ventricle there was a diffuse inter- 
fascicular infiltrate of polymorphonuclear leuko- 
cytes beneath the ventricular endocardium 
adjacent to a mural thrombus and extending for 
a short distance toward the pericardium. In this 
same region the fibers were considerably 
separated from each other and from the en- 
gorged capillaries. The intervening spaces 
contained a small amount of fine connective 
tissue fibers and some “mesenchymal” cells 
and very occasional lymphocytes and cells with 
eosinophilic cytoplasm. The small and large 
blood vessels and the pericardium showed no 
abnormalities. The mural thrombi presented 
evidences of varying degrees of organization, 
especially at their bases. Myofibrillar hyper- 
trophy was the predominant histopathologic 
feature. 

Associated significant postmortem findings 
included chronic passive congestion of the liver, 
spleen and kidneys. An organized renal infarct 
was present but there was no evidence of 
nephrosclerosis. Multiple organized and recent 
pulmonary infarcts were found. There was 
bronchopneumonia and a fibroadenoma of the 
prostate gland. 

Comment. Despite mild elevation of blood 
pressure, there was no anatomic evidence that 
this factor was responsible for the patient’s 
cardiac disease. The absence of renal, ocular or 
systemic vascular changes all militate against 
the belief that hypertensive cardiovascular 
disease could account for this picture. Myo- 
cardial fibrosis was conspicuous despite the 
absence of coronary arteriosclerosis. The pa- 
tient’s terminal episode appeared to have been 
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precipitated by pulmonary embolism, in asso- 
ciation with heart failure. 


SUMMARY 


Ten cases of cardiac hypertrophy and myo- 
cardial failure of unknown origin are presented. 
Conventional etiologic factors, such as rheu- 
matic fever, hypertension, syphilis, arterio- 
sclerosis, bronchopulmonary disease and con- 
genital abnormalities, were excluded. 

The clinical course of these patients was 
rapidly progressive and fatal, and frequently 
complicated by recurrent pulmonary and 
systemic thromboembolism. 

At necropsy the hearts showed striking hyper- 
trophy. Degenerative muscular changes, focal 
necrosis, patchy fibrosis were found predomi- 
nantly subendocardially and endocardially, 
frequently associated with mural thrombosis. 
There were no significant abnormalities of the 
pericardium, coronary artery tree, cardiac 
valves or aorta. 

A brief review of similar cases previously 
described is presented. None of the causes 
heretofore suggested as primarily responsible for 
this syndrome are believed by us to have been 
established. | 

Myocardial anoxia, a concomitant of the 
considerable hypertrophy and dilation, is be- 
lieved to be an important factor in the intensifi- 
cation of the intracardiac abnormality. 

Attention is drawn to the importance of con- 
sidering this entity in all cases of cardiac hyper- 
trophy when a conventional etiology cannot be 
established. 
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Myelophthisic Anemia in Cancer of the Breast” 


Cuares D. WEsT, M.D.,f ALLYN B. Ley, M.D. and Otor H. PEARSON, M.D. 
New York, New York 


YELOPHTHISIC anemia is generally as- 
cribed to displacement of normal 
marrow by space-occupying lesions 

and is characterized by the appearance of 
immature leukocytes and erythrocytes in the 
peripheral blood. Not all patients with myeloph- 
thisic anemia are really anemic in the sense that 
the hemoglobin and hematocrit values are 
below normal.*:*:’? The appearance of immature 
red and white cells in the peripheral blood and 
the demonstration of marrow invasion are 
considered sufficient criteria to establish the 
diagnosis. Because of this it has been suggested 
that leukoerythroblastosis might be a better 
term for this syndrome.’ 

Occasional cases due to cancer of the breast 
with marrow metastases have been reported in 
the literature.'~‘ In our patients with metastatic 
cancer of the breast we have been impressed 
with the rather high incidence of myelophthisic 
anemia, eighteen cases having been observed at 
this institution in a period of one year. 

The development of myelophthisic anemia 
is a serious complication in the clinical man- 
agement of cases of metastatic cancer of the 
breast since it is notoriously refractory to 
therapy.*~? Inasmuch as many cases of meta- 
static cancer of the breast respond favorably to 
alterations in hormonal balance, it seemed 
reasonable to expect that some cases of mye- 
lophthisic anemia due to cancer of the breast 
might also respond to this type of therapy on 
the basis of regression of tumor in the marrow 
space. Consequently, the cases in this study were 
treated with one or more of the following 
procedures: castration, adrenalectomy, hypoph- 


ysectomy or administration of androgens or 


cortisone. These therapeutic measures have 
resulted in temporary but significant remission 
in soine cases. Hematologic remission was well 


correlated with regression of tumor in other 
areas of the body and affords an accurate 
index of generalized tumor inhibition in re- 
sponse to therapy. 

LABORATORY OBSERVATIONS 


Sixteen of our eighteen cases had low hemo- 
globin and hematocrit values. (Table 1.) The 


TABLE 1 
PERIPHERAL BLOOD FINDINGS IN EIGHTEEN PATIENTS WITH 
MYELOPHTHISIC ANEMIA SECONDARY TO BREAST CANCER 


Case Incidence 
Normocytic anemia................ 14 
Macrocytic anemia................. 2 
Nucleated red blood cells........... 18 
Immature white blood cells.......... 18 
Thrombocytopenia................. 16 
13 


average admission hemoglobin level was 8.9 gm. 
per cent, the values varying from 5.1 to 11.9 gm. 
per cent. Mean corpuscular volume calculations 
revealed a normocytic type of anemia in four- 
teen cases and a slightly macrocytic type in 
two cases. The two patients with macrocytosis 
had mean corpuscular volumes of 95 and 
100 cubic micra, respectively. 

Nucleated red blood cells were demonstrated 
in the peripheral blood of all cases, ranging 
from 1 to 135 cells per 100 leukocytes. There was 
an increased reticulocyte count in thirteen 
cases, with a maximum reticulocytosis of 
7.1 per cent. Immature white blood cells were 
also demonstrated in the peripheral blood of all 
cases. These were identified as either myelocytes 
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or metamyelocytes and were present in as high 
- a concentration as 19 per cent of the total white 
count. Thrombocytopenia was observed in all 
but two cases and was frequently associated 
with hemorrhagic manifestations. 

TABLE 


MARROW ASPIRATION STUDIES IN FOURTEEN PATIENTS WITH 
MYELOPHTHISIC ANEMIA SECONDARY TO CANCER OF 


THE BREAST 
Case Incidence 
Satisfactory for differential count... . . 5 
Positive for tumor cells.............. 8 
Normal differential count........... 3 
Increased erythroid elements........ 2 


Because of the presence of immature blood 
cells in the peripheral blood, cases of myeloph- 
thisic anemia with leukocytosis have been mis- 
taken for leukemia.*’ In our series of eighteen 
cases leukocytosis was not a major manifesta- 
tion. Only six patients had an elevated white 
blood count. The highest leukocyte count was 
30,000 cells per cu. mm. In four of these six 
cases the white count was normal, if corrected 
for the nucleated red blood cells. Leukocytosis 
was explained on the basis of pulmonary infec- 
tion in one case. Hence, one case remained 
with an unexplained leukocytosis. 

Leukopenia also has been described in mye- 
lophthisic anemia.”:** This has been attributed 
to suppression of the bone marrow by the 
invading tumor tissue. Only two of our pa- 
tients had corrected leukocyte counts con- 
sistently less than 5,000 cells per cu. mm. In 
fifteen of eighteen cases the leukocyte count 
corrected for nucleated red cells was normal 
upon repeated determinations. 

Upon differential counting of the leukocytes 
there was a normal distribution between 
myeloid and lymphatic elements in all but five 
cases. These five patients all exhibited neu- 
trophilia. Regardless of the total leukocyte 
count, all patients showed a shift to the left in 
granulocytic series with an increase in the 
number of nonfilamented cells. Myelocytes and 
metamyelocytes were also identified, as already 
described. 

Marrow aspirations were in four- 
teen of our cases. (Table 1.) Suitable marrow 
for differential cell counting was obtained in 
only five cases in spite of repeated attempts in 
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each unsuccessful case. Three of these five 
patients had normal differential counts. There 
was an increase in erythroid elements in two 
cases. Tumor cells could be identified in the 
marrow aspirations from eight patients. 


TABLE 1 
TESTS FOR HEMOLYSIS IN MYELOPHTHISIC ANEMIA OF CANCER 
OF THE BREAST 


Case Incidence 
Due to liver metastases........... 5 
Due to hemolysis................. 1 
Elevated serum bilirubin............ 5/11 
Positive Coombs’ test............... 1/13 
Increased red cell fragility........... 1/9 


Clinical icterus was observed in six Cases. 
(Table m.) In four patients jaundice occurred 
terminally and was probably due to extensive 
liver metastases demonstrated at autopsy. In 
the fifth case icterus was probably due to liver 
metastases but an autopsy was not obtained. 
The patient had a large, hard nodular liver 
with marked abnormality of all liver function 
tests. 

In the sixth case the icterus appeared to be 
due principally to hemolysis. The patient 
(I. T.) was a thirty-four year old white woman 
in whom a right radical mastectomy was 
performed twenty-two months prior to admis- 
sion. The histologic diagnosis of tumor was 
infiltrating duct carcinoma of the breast, 
grade m. There was no evidence of recurrence 
until nineteen months after surgery when 
frequent nosebleeds, easy bruisability and 
numerous petechiae on the lower extremities 
developed. Shortly afterward the patient was 
admitted to the hospital with pain in the lower 
back and jaundice. No history was obtained 
of exposure to organic solvents or other toxins. 
There was no history of familial jaundice. 

On physical examination the patient was 
pale and slightly jaundiced. There were numer- 
ous petechiae over the lower extremities. The 
spleen was palpable 2 to 3 cm. below the costal 
margin. A smooth liver edge was felt 4 cm. 
below the costal margin. 

Upon laboratory examination the hemo- 
globin was 5.1 gm. per cent and the total 
serum bilirubin was 2.0 mg. per cent. The 
white cell count was 21,900 cells per cu. mm. 
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with 11 per cent myelocytes on differential and 
sixty-two nucleated red blood cells per 100 white 
blood cells. Platelet count was 11,200 per 
cu. mm. and the reticulocyte count was 5.4 per 
cent. Urine was negative for bile and contained 
normal amounts of urobilinogen. Liver function 
tests were normal. 

X-rays of the skeleton revealed numerous 
osteolytic metastases involving the ribs, cervical 
and lumbar vertebrae, pelvis, both humeri and 
both femora. A_ sternal marrow aspiration 
yielded a hypocellular specimen but clumps of 
tumor cells could readily be found. Of the 
remaining nucleated cells most were of the 
erythroid series. 

Within forty-eight hours after admission this 
patient received 1,000 ml. of whole blood and 
250 ml. of packed cells. In spite of this her 
hemoglobin rose from 5.1 gm. per cent to only 
7.3 gm. per cent. The jaundice increased during 
this period and the serum bilirubin reached 
3.4 mg. per cent. 

An erythrocyte osmotic fragility test'? done 
at this time showed initial hemolysis at 0.58 gm. 
per cent NaCl, 5 per cent hemolysis at 0.52 gm. 
per cent, and 50 per cent hemolysis at 0.40 gm. 
per cent. The direct and indirect antiglobulin 
(Coombs’) tests were negative.'*? A screening 
test for the detection of autoagglutinins active 
at a pH of 6.8 was negative.'* Trypsinized 
normal cells failed to be agglutinated by the 
patient’s serum. '* 

Four days after admission the patient began 
to receive 300 mg. per day of cortisone. There 
was marked improvement in general, particu- 
larly in regard to her hemorrhagic diathesis 
and in her ability to maintain red blood cell 
values at a steady level without further trans- 
fusion. Twenty-nine days after admission, when 
she had already shown considerable improve- 
ment, she received two units of fresh, com- 
patible but heterologous (type O) blood on two 
successive days. The survival of the transfused 
cells was followed by the differential agglutina- 
tion technic.'® The study is plotted in Figure 1 
and shows an exponential curve for the disap- 
pearance of the donated cells with a survival 
half-time of sixteen days. 

On the basis of these findings this patient was 
considered to have a hemolytic type of myeloph- 
thisic anemia secondary to metastatic cancer 
of the breast. 

Instances of myelophthisic anemia in which 
hemolysis was a major component have been 
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described in the literature.“* That the anemia 
of neoplastic diseases might be associated with 
abnormal rates of hemolysis is suggested by the 
demonstration of an increased rate of destruc- 
tion of transfused normal red blood cells in 
lymphomatous diseases by Ross et al.* and in 


Fic. 1. Survival of donor cells (patient I. T., thirty-four 
year old female). 


two cases of carcinomatosis studied by Sheets 
et al.'® 

The mechanism of an overt hemolytic com- 
ponent in myelophthisic anemia secondary to 
carcinomatosis of the bone marrow has not 
been extensively investigated. In 1949 Frandsen 
reported the findings in eight such cases from 
the literature and one of his own.‘ In four of 
the nine cases there was an increase in the 
osmotic fragility of the erythrocytes. The other 
three patients tested were normal in this 
respect. The patient herein described had an 
increased red cell fragility; and this was also 
true in one additional case of overt hemolysis in 
association with marrow metastases’ from a 
gastric carcinoma observed by one of us 
(A. B. L.) 

Tests for red cell agglutinins or hemolysins in 
these circumstances have not been reported. 
One or more of the various serologic tests em- 
ployed in the study of our patient is usually 
positive in acquired hemolytic anemia but the 
negative findings do not necessarily eliminate 
the possibility of a significant serologic factor 
not susceptible to in vitro testing. 

No evidence of erythrophagocytosis was 
found in repeated examinations of the bone 
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marrow or the peripheral blood, although 
special technics for the demonstration of this 
phenomenon" were not carried out. 

It has been demonstrated by Gross that tissue 
extracts of human carcinomas, including car- 
cinomas of the breast, may be lytic for homolo- 
gous red blood cells.'° On the basis of his find- 
ings in the autopsy of a patient similar to ours, 
Waugh* suggested that tumor embolization in 
the bone marrow might have induced stagna- 
tion of blood in the marrow and a consequent 
prolonged exposure of the erythrocytes to a 
possibly noxious contact with the tumor cells. 
The relation of these observations to hemolysis 
in vivo remains speculative, however. 

Our other patients with myelophthisic anemia 
were screened for hemolysis by serial serum bili- 
rubin determinations, antiglobulin (Coombs’) 
tests, and erythrocyte osmotic fragility tests. 
(Table m.) In accordance with the clinical 
evidence of icterus, five had an elevated serum 
bilirubin during the course of their disease. 
Four of these had metastatic liver disease 
which probably accounted for the hyperbili- 
rubinemia. Direct and indirect Coombs’ tests 
were performed in thirteen cases. The results 
of these tests were negative in all patients except 
one who had a positive direct Coombs’ test. 
This patient had no other evidence of hemolysis. 
Nine patients were tested for erythrocyte 
osmotic fragility. Only the patient with the 
overt hemolytic icterus already mentioned had 
an increased red cell fragility. Thus only one 
instance of obviously abnormal hemolysis asso- 
ciated with myelophthisic anemia was found 
in our series of cases. 


CLINICAL FEATURES 


It has been emphasized in the past? that there 
is no correlation between the degree of neo- 
plastic involvement of the skeleton and the 
development of myelophthisic anemia. Our 
experience confirms this. (Table rv.) Skeletal 
surveys by x-ray examination were performed 
in all of our cases at intervals of six weeks to 
two months. All but one case had x-ray evi- 
dence of osseous metastases, varying from 
minimal to widespread involvement. There 
was no correlation between the severity of the 
anemia and the degree of demonstrable osseous 
involvement. Similarly, there was no correlation 
with the type of osseous metastases. Thirteen 
patients had osteolytic metastases, one had 
osteoblastic and three had mixed osteoblastic 
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and osteolytic lesions. The development of 
myelophthisic anemia was unrelated to the 
duration of the osseous metastases. In three 
cases the anemia and osseous metastases were 
discovered simultaneously. In most of the 
patients myelophthisic anemia developed at 


TABLE IV 
CLINICAL FEATURES IN MYELOPHTHISIC ANEMIA OF CANCER 
OF THE BREAST 


Case Incidence 
Abnormal bleeding............... 14/18 
Osseous metastases by x-ray....... 17/18 
Splenomegaly................... 6/18 
12/18 
Life expectancy (13 cases)......... 72 days (12-270) 


varying intervals up to three years after the ini- 
tial demonstration of osseous metastases. 

Among the most important physical findings 
in these cases were splenomegaly and hepato- 
megaly. The spleen was palpable in six of 
eighteen cases. The liver was enlarged to 
physical examination in twelve of eighteen 
cases. Hepatomegaly and splenomegaly in 
myelophthisic anemia have been attributed to 
myeloid metaplasia, the formation of foci of 
extramedullary hematopoiesis presumably rep- 
resenting a compensatory mechanism for the 
decreased blood formation due to marrow 
invasion. 

Eight of our patients have come to autopsy. 
In six of these the liver was enlarged. In all 
cases the liver enlargement was demonstrated 
at autopsy to be due to extensive metastases. 
Five of the patients had enlarged spleens at 
autopsy. In two the enlargement could readily 
be ascribed to myeloid metaplasia. In the other 
three the enlargement seemed due primarily to 
metastases. 

Dr. Stephen Sternberg of our Department of 
Pathology reviewed all sections taken from — 
autopsy material in seven of the eight patients 
for evidence of myeloid metaplasia. All showed 
marked displacement of normal marrow ele- 
ments by metastatic cancer and had myeloid 
metaplasia of the spleen microscopically. Four 
patients had myeloid metaplasia in the liver, 
one case in the lymph nodes and another in the 
kidney. One patient was autopsied at another 
hospital and suitable sections could not be 
obtained for examination. 
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Development of myelophthisic anemia usu- 
ally occurs late in the course of the disease and 
indicates a poor prognosis. In thirteen of our 
patients who died the average life duration 
after myelophthisic anemia developed was 
seventy-two days, with a range of twelve to 
270 days. 

Abnormal bleeding secondary to thrombo- 
cytopenia was encountered in fourteen of 
eighteen patients, ranging in degree from a few 
petechiae to massive exsanguinating hemor- 
rhages from the gastrointestinal tract. Surgical 
ablative procedures such as castration or 
adrenalectomy are frequently effective in tem- 
porarily arresting the growth of cancer of the 
breast. In those patients with myelophthisic 
anemia the potential benefit from surgery must 
be weighed against the risk of hemorrhage. 
Because of the serious nature of the primary 
disease, we have been inclined to accept the 
risk of hemorrhage and to submit our cases to 
surgery in spite of thrombocytopenia, providing 
the bleeding and clotting times were normal or 
near normal. In our series bleeding from the 
surgical wound occurred in only one of ten 
patients. In this case the wound was re-opened 
and the bleeding stopped by ligation and 
packing with gelfoam®. The patient’s postopera- 
tive recovery was uneventful thereafter. One 
other patient died of massive hemorrhage from 
multiple sites in the gastrointestinal tract 
twenty-four hours after hypophysectomy. There 
was, however, no abnormal bleeding from the 
surgical wound at autopsy. 

Remissions of sufficient magnitude to justify 
the risk of hemorrhage at surgery were observed. 


RESULTS OF THERAPY 

Historically, various forms of therapy in all 
types of myelophthisic anemia have yielded 
poor results. Inasmuch as alterations in hor- 
monal balance are effective in producing tem- 
porary remissions in some patients with cancer 
of the breast, with objective regression in 
tumors, it seemed reasonable to expect that 
some cases of myelophthisic anemia secondary 
to cancer of the breast might also respond to 
this type of therapy. Therefore, a total of 
seventeen patients in this series were treated 
with one or more of the following procedures: 
Castration, adrenalectomy, hypophysectomy or 
the administration of or cortisone. 
(Table v.) 

Seven of the patients responded to one or 
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another of these forms of therapy. One case 

responded to more than one form of therapy. 

Remissions were characterized by the disap- 

pearance of immature blood cells from the pe- 

ripheral blood, return of platelet counts to 

normal, disappearance of hemorrhagic mani- 
TABLE V 


RESPONSE TO THERAPY IN MYELOPHTHISIC ANEMIA OF 
CANCER OF THE BREAST 


Case Incidence 

Number of cases responding to 

Castration responses. ............. 2/8 
Androgen therapy responses. .... . . 2/6 
Cortisone therapy responses... ... . 2/9 
Hypophysectomy responses. ....... 2/4 
Duration of remissions............ 87 days (30-210) 
Survival of responsive cases. ....... 4.8 mo. (2-9) 
Survival of unresponsive cases... .. . 1.1 mo. (0.3-2.5) 


festations, and improvement in hemoglobin 
values. Data showing responses to therapy in 
two Cases are given in Figures 2 and 3. 

The first case (G. Mc.) had a left radical 
mastectomy performed for infiltrating duct 
carcinoma six years prior to admission. (Fig. 2.) 
Two years later the right breast was removed 
for a second primary, diagnosed histologically 
as infiltrating duct carcinoma. One year after 
the second mastectomy local recurrences and 
osseous metastases developed. Successive remis- 
sions over a two-year period were obtained from 
androgen therapy, castration and _ bilateral 
adrenalectomy. The patient was in relapse with 
myelophthisic anemia at the time of this study. 
Myelophthisic anemia was diagnosed on the 
basis of nucleated red blood cells and immature 
white blood cells in the peripheral blood, low 
platelets, low hemoglobin, low hematocrit and 
abnormal bleeding. On three separate occa- 
sions attempts to obtain marrow elements by 
aspiration were unsuccessful. On a low calcium 
diet (ca. 200 mg. per day) the urine calcium 
was elevated, rising to levels of 600 mg. per day 
just prior to dihydrotestosterone therapy: The 
serum calcium was elevated. The hypercal- 
ciuria and hypercalcemia reflected bone destruc- 
tion from the rapidly growing osseous metas- 
tases.!! The patient suffered from severe bone 

Dihydrotestosterone in doses of 50 mg. daily 
was administered intramuscularly. With this 
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Fic. 2. Effect of dihydrotestosterone on myelophthisic anemia secondary to cancer of the breast. 


therapy the patient improved symptomatically. 
Bone pain disappeared and the appetite and 
sense of well-being returned to normal. Serum 
calcium and urinary calcium promptly fell to 
normal, indicating an arrest in the growth of 
the osseous metastases.'!' The myelophthisic 
anemia did not improve up to the time of dis- 
charge thirty days after the start of dihydro- 
testosterone therapy. The nucleated red cells 


in the peripheral blood rose to 120 cells per 
100 white cells and the platelet count continued 
low. The hemoglobin remained low until just 
before discharge, at which time blood trans- 
fusions were given. 

The patient was discharged from the hospital 
on a treatment schedule of dihydrotestosterone 
for a vacation in Florida and upon her return 
one month after discharge she still felt well. The 
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Fic. 3. Effect of cortisone on myelophthisic anemia secondary to cancer of the breast. 


urine calcium excretion was normal, indicating 
that the osseous metastases were quiescent. 
There were no nucleated red blood cells or 
immature white cells in the blood. The platelet 
count was normal and the hemoglobin had 
stabilized between 14 and 15 gm. per cent with- 
out transfusions. The myelophthisic anemia was 
in remission. 
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The patient was readmitted to the hospital for 
re-evaluation of the status of her neoplastic 
disease. On discontinuing dihydrotestosterone 
there was a progressive rise in calcium excretion, 
indicating reactivation of the osseous metastases. 
Nucleated red blood cells and immature white 
cells reappeared in the peripheral blood. The 
platelet count and hemoglobin values fell 
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progressively. Symptomatically the bone pain 
returned to such a degree that the patient was 
unable to get out of bed. Oral dihydrotestoste- 
rone was then started but was ineffective in 
controlling the cancer. The myelophthisic 
anemia worsened and the progressive rise in the 
urinary calcium indicated acceleration in the 
growth of the bone tumors. Dihydrotestosterone 
was then administered intramuscularly but was 
also ineffective by this route. The patient’s 
condition worsened steadily. Terminally, 6-mer- 
captopurine was tried but was also ineffective. 
Hypercalcemia, with a urinary calcium of 
700 mg. per day, was present in the period 
preceding death. 

The results of treatment in the second patient 
(L. G.) are illustrated in Figure 3. This forty 
year old woman had a right simple mastectomy 
performed three months prior to admission for 
infiltrating duct carcinoma of the breast grade 
m1. Two months after surgery lumbar pain 
developed and x-ray examination revealed 
osteolytic metastases of the skull, vertebrae and 
pelvis. She was admitted to the hospital for 
surgical castration. Her menstrual periods had 
been regular and normal up to the time of 
admission. 

On admission the liver edge was palpated 
6 cm. below the costal margin and was hard 
and nodular. On a low calcium diet, the urine 
calcium was elevated to levels of 700 to 1,100 mg. 
per twenty-four hours and the serum calcium 
was 13.4 mg. per cent. The blood examination 
was normal except for a low hemoglobin which 
was corrected by transfusions. 

Bilateral oophorectomy was then performed 
without benefit. The patient’s clinical condition 
worsened rapidly. The liver enlarged progres- 
sively. She became jaundiced, weak and 
anorexic. The urine calcium rose to levels as 
high as 1,300 mg. per day, indicating rapid 
destruction of bone by tumor tissue. There was 
an associated rapid increase in serum calcium. 
The patient was confined to her bed with pain, 
anorexia, jaundice and lethargy. Liver failure 
seemed imminent, and the patient was judged 
to be in a terminal condition. At this point 
cortisone acetate in doses of 300 mg. per day 
was started. Prior to admission there were no 
definite signs of myelophthisic anemia although 
the platelet count was low initially. Two weeks 
after starting cortisone nucleated red cells and 
immature white cells appeared in the periph- 
eral blood. The platelet count rose after start- 
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ing cortisone but the hemoglobin continued 
to fall. 

Symptomatically the patient improved re- 
markably, the bone pain having subsided com- 
pletely. She began to eat well and became 
ambulatory. The liver edge receded to the costal 
margin and the jaundice gradually disappeared. 
She was discharged thirty-four days after 
cortisone was started, clinically improved but 
with definite findings of myelophthisic anemia. 

The patient was maintained on a regimen of 
150 mg. of cortisone acetate daily on an out- 
patient basis. Two weeks after discharge she 
still felt well and the urine calcium was normal. 
Platelet count, hemoglobin and white cell count 
were all normal, but immature red and white 
cells were still present in the peripheral blood. 

Two months later the patient was asympto- 
matic and normally active as a housewife. The 
hemoglobin had risen spontaneously to 14.5 gm. 
The platelet count was 420,000 and the leuko- 
cyte count was normal. There were no immature 
erythrocytes or leukocytes in the peripheral 
blood. The myelophthisic anemia remained in 
complete remission for three months on cortisone 
therapy when she again relapsed and died of 
liver failure due to metastases. 

In Table v the response of all cases to various 
forms of therapy is indicated. Of seventeen 
cases treated, seven had remissions in their 
myelophthisic anemia lasting from thirty to 
210 days, with an average of eighty-seven days. 
Of eight cases castrated, two responded with 
remissions of two and seven months, respectively. 
Six patients were treated with androgens and 
two had remissions lasting about two months in 
each case. Nine patients were treated with doses 
of cortisone between 150 and 300 mg. daily. 
Remissions of one month and three months were 
observed in two cases. Four patients have under- 
gone surgical hypophysectomy. Two patients 
responded; both are still in remission, one at 
four months and the other at one month, 
postoperatively. 

The question may be raised as to whether 
these remissions were of any clinical significance 
inasmuch as all patients died. Statistically, 
those patients who responded to therapy lived 
from two to nine months, with an average of 
4.8 months, while those who did not respond 
lived from 0.3 to 2.5 months, with an average 
of 1.1 month. The life expectancy was increased 
3.7 months in those cases responding to treat- 
ment. Although of short duration, we believe 
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that these remissions were worth while in the 
palliation of myelophthisic anemia in cancer of 
the breast. 


CONCLUSION 


In a study of eighteen cases of myelophthisic 
anemia secondary to metastatic cancer of the 
breast, the following observations were made. 

1. The most common peripheral blood find- 
ings were normocytic anemia, immature leuko- 
cytes and erythrocytes, thrombocytopenia, re- 
ticulocytosis and a normal white cell count. 

2. In eight of fourteen patients marrow 
aspirations were positive for tumor cells. Usually 
a differential count could not be done on the 
marrow aspirate because of insufficient mar- 
row elements. In those few cases in which differ- 
ential counts were possible, either a normal 
differential was obtained or there was a slight 
increase in erythroid elements. 

3. Our cases of myelophthisic anemia were 
examined for evidence of hemolysis. Only one 
case of myelophthisic anemia with clinical 
evidence of increased hemolysis was observed. 

4. Myeloid metaplasia was observed at 
autopsy in all cases examined. Splenomegaly 
and hepatomegaly were common findings and 
were usually due to metastases rather than 
myeloid metaplasia. 

5. The demonstration of myelophthisic ane- 
mia in metastatic cancer of the breast is an 
ominous prognostic sign, indicating a limited 
life expectancy. 

6. Temporary remission in myelophthisic 
anemia secondary to cancer of the breast was 
observed in seven of seventeen cases following 
treatment with castration, androgen therapy, 
cortisone therapy or hypophysectomy. 
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Lead Poisoning” 


Treatment with Disodium Calcium Ethylenediamine -tetra-acetate 


JAMES B. Sipsury, JR., M.D. Tf 
Atlanta, Georgia 


ODAY, excessive ingestion of lead and 
clinical plumbism in adults result chiefly 
from occupational exposure. The problem 

of the treatment of lead poisoning, however, is 


not the sole province of the industrial physician. * 


Indeed, Manfred Bowditch of the Lead Indus- 
tries Association estimated that some 75 per cent 
of the industrial workers in the lead industries 
are treated by local practitioners rather than 
by physicians specializing in industrial medicine. ' 

The true incidence of lead poisoning cannot be 
ascertained because reporting is so _ grossly 
inadequate.” The number and variety of indus- 
tries in which the hazard exists are legion. The 
following ten large industries possess a recognized 
lead hazard: painting, lead smelting and refin- 
ing, printing trades, primary and secondary 
lead burning, brass founding, and the manufac- 
ture of storage batteries, ceramics, tetraethyl 
lead and automobile bodies.':* It behooves the 
practicing physician and the diagnostician to be 
aware of sources of exposure, for a good occupa- 
tional history is frequently the pivot to suspicion 
of this disease which clinically is notable for its 
protean manifestations. 

In the past the efficacy of available thera- 
peutic measures was disappointing to patient and 
physician alike. A sound physiologic approach 
to treatment was not available until the careful 
study of the pharmacology of lead by Aub et al.‘ 
They demonstrated that the absorption, deposi- 
tion and mobilization of lead is very similar 
to calcium. Attempts to apply this knowledge to 
the treatment of lead poisoning have met 
with limited success.°-* In 1935 Aub suggested 
that sodium citrate should increase lead excre- 
tion.'° Kety and Lettonoff!!!* recommended 


large doses of sodium citrate for the treatment of 
lead poisoning, the rationale being the limited 
ionization and relative solubility of lead acetate. 
The rapid metabolism of citrate by the body is 
a decided disadvantage. Following the intro- 
duction of 2,3 di-mercapto-propanol (BAL),'* 
which was shown to compete with the sulf- 
hydryl-containing enzymes for heavy metals, 
hope was stimulated that BAL would be as 


. effective in plumbism as it was in arsenic 


poisoning.'*'® Barron and Kalnitsky demon- 
strated that lead may completely inactivate the 
sulfhydryl-containing enzyme succinoxidase, and 
reactivation occurred with the addition of 
BAL.'* The results of experiments with rabbits, 
however, suggested that the Pb-BAL complex 
was more toxic than lead alone.'’:?> The clinical 
results in patients have been controversial.'*-** 
Most of the favorable reports have been in the 
pediatric literature.**-?’ It is generally agreed 
that an increase in the urinary excretion of lead is 
effected. 

Recently, the disodium calcium salt of 
ethylenediamine tetra-acetic acid (CaEDTA) 
has been used for the treatment of lead poison- 
ing.?*-*7 From the chemistry and pharmacology 
it could be anticipated that CaEDTA would be 
an effective agent for the therapy of plumbism. 
Ethylenediamine tetra-acetic acid (EDTA) is a 
synthetic polyamino acid which is relatively 
insoluble in water or the common organic 
solvents; however, the sodium salts are soluble in 
water. The solubility increases as each carboxyl 
group is neutralized.** = When two or more 
protons are incorporated in the molecule, two of 
the carboxyl groups interact with the amino 
groups to form zwitter ions.*® 


* From the Department of Pediatrics, Emory University School of Medicine and the Communicable Disease 
Center, Atlanta, Ga. This study was aided by a grant from the U. S. Public Health Service and the Harkins Medical 


Foundation. 


ft Present address: Johns Hopkins Hospital, Baltimore, Maryland. 


AMERICAN JOURNAL OF MEDICINE 


932 


Lead Poisoning—Sidbury 


2Nat 


CH:COO-_ 


Multivalent metal ions, notably the alkaline 
earth and heavy metals,*® form chelates with 
EDTA, i.e., the metal ion is inactivated with 
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the residue of ethylenediamine tetra-acetic acid 
after the removal of the four replaceable pro- 
tons.*® The higher the value for K, the more 
stable the complex. Metal ions which have 
higher equilibrium constants will displace those 
of a lower order. Thus lead, with a log K value 
of 18.2, will displace calcium which has a log K 
value of 10.59.* 

Lead, with a coordination number of 6, forms 
a chelate with EDTA which is sexadentate. 
The carboxyl groups form covalent bonds 
with the metal ion and coordinate covalent 
bonds are formed with the nitrogen atoms. *! 
Recently Calvin proposed an octahedral con- 
figuration; ** however, the usual designation is a 


0 


+2No* 


Fic. 1. Equation showing the reaction of a sodium salt of EDTA with lead and the 
suggested configuration of the Pb-EDTA complex. 


the formation of an inner ring structure in the 
molecule by inclusion of the metallic ion as an 
integral part of the ring. Different metal ions 
are chelated preferentially and the order of 
chelation in vitro can be shown to be dependent 
on the pH of the solution.* **° The equilibrium 
constants for the complexes of EDTA with metal 
ions can be expressed quantitatively: 


[M-EDTA]*-* 


where M~* represents the metal ion and EDTA~‘ 
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K = 


tetrahedral configuration of the molecule with 
five rings and each ring composed of five mem- 
bers. The five-membered ring is the most stable 
configuration possible for a chelate.** Designat- 
ing a multivalent metal ion as M, e.g. lead, the 
reaction with the disodium salt of EDTA might 
be visualized as in Figure 1. 

CaEDTA is stable, odorless, water-soluble, 
only slightly alkaline, and forms a stable com- 
plex with lead which is virtually non-ionized.* 
When C'!*-labeled CaEDTA was administered 
parenterally to rats, 95 to 98 per cent was 
recovered in the urine within six hours. Fore- 
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man* also demonstrated that CaEDTA did not 
enter the red cells, was not metabolized, did not 
concentrate in any organ or tissue, was excreted 
by the kidney in a manner similar to diodrast,® 
and rapidly left the vascular system to mix with 
approximately 90 per cent of the body water. 
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mineralize the body by chelating calcium, with 
subsequent loss of calcium in the urine.** Rapid 
injection of the sodium salt of EDTA in rabbits 
was shown to cause death in hypocalcemic 
tetany.®° Lead, because of its higher equilibrium 
constant, will replace the calcium. 
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Fie. 2. Patient 1. The blood and urinary lead values. The rise of blood lead 


| during treatment in a child is demonstrated. 
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Fic. 3. Patient 3. Response of blood and urine lead concentration during 
intravenous and oral therapy. Treatment Plan A. 


He suggested that CaEDTA may not pass the 
blood-brain barrier. The metabolic inertness 
and the rapid and complete excretion account 
in part for the low toxicity in animals*®*’ and 
the absence of toxicity observed in humans by 
us**48 and by others**:*!—37 when the recom- 
mended dosage was used. The calcium chelate 
was used therapeutically in lead poisoning 
because the sodium salt of EDTA will de- 


MATERIAL AND METHODS 


This paper reports the results of treatment 
with CaEDTA *® of lead poisoning in one child 
and eight adults; one of the adults received two 
courses of therapy. The diagnosis of lead poison- 
ing was established by history, physical examina- 

*CaEDTA was supplied as disodium calcium ver- 
senate® through the courtesy of Riker Laboratories, Los 
Angeles, California. 
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tion and laboratory findings, including deter- 
mination of the concentration of lead in the 
blood and urine. Eight of these patients had 


symptoms referable to lead poisoning. 
The dosage schedule of CaEDTA was arbi- 


trary. Two regimens have been used. 


The precaution was taken to give a test dose. 
This was found to be unnecessary. Children: 
30 mg. of CaEDTA per kg. body weight twice 
daily. 

2. Oral: The oral dose for both children and 
adults was 30 mg./kg. of body weight given 


PATIENT 


“a 
_3 


TOTAL WN 


Fic. 4. Patient 3. Pattern of response to treatment according to Plan B, 
showing a parallel response with the smaller dose (compare Figure 3). 


? 7 


Fic. 5. Patient 4. Note large amount of lead excreted in first twenty-four 
hours of treatment. The double-peak pattern of urinary lead excretion is 


characteristic 


Plan A (Figs. 2 to 9). 1. Intravenous: Adults: 


One gram of CaEDTA on the first day, 2.0 gm. a 
day thereafter for a total of five days. The drug 
was given in divided doses twice daily in 250 ml. 
of 5 per cent glucose in water by slow infusion. 
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before breakfast and supper with liberal amounts 
of water. 

Plan B (Figs. 10 and 11 and the second course 
for patient 3). Four-tenths gram of CaEDTA 
diluted to 5 or 10 ml. with saline was given 
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intravenously once or twice a day. Patients 
were treated cither as outpatients or in the 
hospital, depending on the severity of their 
illness. 

Frequent hemograms and urinalyses were 
obtained. Multiple determinations of serum 
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indicated clinically were performed. Whole 
blood and twenty-four-hour urine specimens 
were obtained for lead analysis*’ before, during 
and after treatment.* The needles and pyrex 
glass containers were made lead-free by soak- 
ing in 3 per cent “Versene’” (NasEDTA) for 
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Fic. 6. Patient 5. Oral therapy preceding intravenous therapy shows 
better response than when oral follows intravenous therapy (compare 
Figure 3). There is a greater response to intravenous therapy. 
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Fic. 7. Patient 6. This patient had continued exposure to lead during oral 
therapy. The more prompt and dramatic response is due in part to urinary 
excretion of lead chelated in the gastrointestional tract. 


calcium,*! magnesium,*? inorganic phosphorus, 
chloride,** sodium and potassium (Beckman 
Model B with flame attachment), total protein, *4 
urea nitrogen®® and thymol turbidity®* were 
made in the first thirteen patients studied; 
thereafter only those studies which were 


twenty-four hours or longer and then thoroughly 
rinsed with metal-free water (distilled water 
passed through resin-exchange column.) 

* The lead analyses were made by Mrs. Jeanne Bynum 


and Mrs. Lucy Fetz in the Industrial Hygiene 
tory of the State Health Department of Georgia. 
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CASE REPORTS 


Case 1. This eighteen month old Negro boy 
was admitted to Grady Hospital on May 11, 
1952, because of sudden onset of severe laryngo- 
spasm with loss of consciousness. He was 
exposed to lead through the use of storage 
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a blood pressure of 220/?. After tracheotomy a 
gross, generalized tremor was noted but there 
were no overt convulsions. The pupils were 
constricted and reacted sluggishly to light. The 
deep tendon reflexes were hyperactive but the 
corneal and abdominal reflexes were absent. 


or 


PATIENT NF 


Fic. 8. Patient 8. The disproportionately high blood lead concentration and 
the prompt fall consequent to treatment is representative of the pattern of re- 
sponse in patients with poor renal function. 


3 


PATIENT 9 


— 


Fic 9. Patient 9. This patient received only oral therapy. The urinary excretion 
of lead reflected the one omitted dose on the third day. 


battery casings for fuel over the preceding eight 
months. 

On admission he was comatose, cyanotic and 
in marked respiratory distress with respirations 
of 26 per minute, heart rate 130 per minute and 


june, 1955 


The hemogram revealed a hemoglobin of 
8.0 gm./100 ml., red blood count 5.0 million, 
white blood count 22,450 and basophilic stip- 
pling of the red cells. Following treatment the 
hemoglobin value returned to normal. The 
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differentials on bone marrow aspirations before 
and after treatment were normal and showed no 
significant change. The blood sugar on admission 
was 372 mg./100 ml. The spinal fluid was not 
under increased pressure at the time of admis- 
sion. Three days later the spinal fluid pressure 
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blood and 0.71 mg./L., respectively. Roentgeno- 
grams of the long bones revealed the character- 
istic increase in radiodensity of the epiphyses 
found in heavy metal poisoning in children. 
There was no change by x-ray three months after 
treatment. 
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Fic. 10. Patient 14. Intravenous therapy given once daily on the first, third and 
fifth days of treatment and twice daily on the second and fourth day. No differ- 
ence was found in those patients given treatment only once daily. 
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Fic. 11. Patient 15. Treatment according to Plan b. Note similarity of the pat- 
tern of total lead excretion to patients treated according to Plan A. 


was again normal; the fluid had 22 lymphocytes, 
the Pandy test was slightly positive, the sugar 
value was 66 mg./100 ml., and the chloride 
concentration was 117 mEq./L. On the seven- 
teenth hospital day the concentration of lead in 
the blood and urine was 0.25 mg./100 gm. 


The respiratory symptoms were immediately 
relieved by tracheotomy. The boy was semi- 
comatose for twenty-four hours but by the third 
day he was able to recognize relatives. His blood 
pressure remained elevated for two weeks, the 
systolic phase was persistently over 200. Before 
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treatment with CaEDTA the blood pressure was 
130/80 and not over 120/80 after treatment was 
instituted. The day after CaEDTA was begun 
the boy was noticeably less irritable and his ap- 
petite improved. He has suffered no apparent 
mental residua. 

Case 3. (Figs. 2 and 3.) This patient was a 
forty-three year old white man who had worked 
in a brass foundry for five years. Air-sampling in 
the vicinity of the pots repeatedly showed a high 
concentration of lead. Three years before treat- 
ment he set up a lead plant at the foundry. 
For a year and a half he had experienced mild 
abdominal pain in the morning and evening. 
Concurrently he had a loss of weight, loss of 
savor for food and easy fatigability. 

Physical examination revealed the following: 
blood pressure 140/90, pyorrhea, suggestive lead 
line on the gums, residual atrophy of the right leg 
muscles from childhood poliomyelitis. 

The hemogram was consistently normal. The 
urinalysis was normal except for the finding of 
occasional granular casts in one specimen. The 
chemical determinations of the serum were con- 
sistently normal. 

He was treated as an outpatient. His first 
course of CaEDTA consisted of three days of 
intravenous CaEDTA and three days of oral 
CaEDTA separated by one day. (Fig. 3.) He 
was treated according to Plan A at this time. 
After the first infusion and the first day of oral 
therapy he experienced mild arthralgia and 
light-headedness which subsided in less than 
twenty-four hours. The abdominal pain was less 
on the second day and remained in abeyance 
from the third day until seven months later, 
when he had a recurrence of his symptoms. He 
was given a second course of treatment with 
CaEDTA; on this occasion 0.4 gm. of CaEDTA 
diluted to 5 ml. with normal saline was given 
once daily for five days. Again all symptoms 
resolved by the third day and he has remained 
free of symptoms for six months. 

Case 4. This patient was a thirty-eight year 
old white man who had worked for twelve years 
in the casting department of a storage battery 
manufacturing company. For a year and a half 
he had noticed intermittent abdominal pain, 
anorexia, easy fatigability, malaise, a lead line 
and burning on urination. For six months there 
had been weakness of his hands and feet. For 
two or three months he had experienced inter- 
mittent headaches, a metallic taste, loss of 
pleasure in eating, occasional vomiting, weight 
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loss of 9 pounds, and tingling and numbness of 
his hands and feet. Acute, severe lead colic 
developed two days before admission to the 
hospital and was unrelieved by morphine or 
intravenous calcium gluconate. 

On physical examination the vital signs were 
normal. He appeared acutely and chronically ill. 
He complained of severe abdominal pain. Poor 
oral hygiene and a definite lead line were 
present. The abdomen was flat, tender and 
tense. The tenderness and splinting were greatest 
in the right hypochondrium. Tenderness was 
elicited over both renal areas. The prostate was 
enlarged and boggy. The weakness of the 
hands and feet was not marked. 

There was an anemia; hemoglobin was 
10.7 gm./100 ml. The hemoglobin value rose 
to normal following treatment. Morphologic 
study of the blood revealed basophilic stippling 
of the red cells. Urinalysis revealed 1 to 2 red 
blood cells, 2 to 4 white blood cells and occa- 
sional casts in the centrifuged urine sediment. 
X-ray examination of the abdomen demon- 
strated clumps of radio-opaque material (lead) 
in the small and large intestine. Intravenous 
pyelograms were normal. 

He was treated according to Plan A. Marked 
improvement of symptoms was noted on the 
third day and he was apparently asymptomatic 
on the fourth day with no further symptoms 
until two months later when he had an exacerba- 
tion. This patient has had a total of nine courses 
of CaEDTA in the last year. The symptoms of 
lead poisoning recurred with each exacerbation 
of his genitourinary tract infection. 

Case 5. This patient was a twenty-six year 
old white man who had worked two years in the 
pasting department of a battery plant. For the 
year prior to admission to the V. A. Hospital in 
Atlanta, Georgia, he had experienced inter- 
mittent lower abdominal cramps, usually after 
eating. Three weeks prior to admission he began 
to have crampy upper abdominal pain, nausea, 
vomiting, anorexia and a weight loss of 15 
pounds. A lead line had been noticed for one 
month. Three days prior to admission the 
abdominal pain became more severe and 
constant. Burning on urination and right flank 
tenderness were noted three days before admis- 
sion. Weakness of his hands and wrists was 
observed on the day of admission. The vital 
signs were normal. Positive findings consisted of 
a lead line, poor oral hygiene, abdominal 
tenderness notably of the left lower quadrant, 
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left flank tenderness, and minimal weakness of 
his hands and wrists. 

The hemoglobin and red blood count im- 
proved following therapy: 11.0 gm. to 14.2 gm. 
and 3.33 million to 4.26 million, respectively. 
Basophilic stippling was present initially and 
cleared following treatment. The urine sediment 
had 6 to 8 white blood cells and occasional 


hyaline casts which cleared before CaEDTA 


treatment was instituted. Renal clearances for 
inulin and PAH were normal. There was a 30 
per cent increase of the PAH clearance during 
therapy. Roentgenograms of the chest and 
abdomen were negative. | 

Lead poisoning was suspected and intravenous 
calcium gluconate gave temporary relief of the 
abdominal pain. He was treated with dicalcium 
phosphate and sodium citrate for eleven days 
without further improvement of symptoms. 
The patient was given five days of oral CQEDTA 
and his symptoms were relieved on the third day 
of treatment. After a two-day rest period he was 
given 2 days of intravenous therapy in accord- 
ance with Plan A. The clinical improvement has 
been maintained. He regained his weight and his 
blood and urine lead values have remained 
normal. 

Case 6. A twenty-five year old white man 
had been employed for three years as an oxide 
mill operator in a battery plant. He had noticed 
intermittent, crampy abdominal pain, a metallic 
taste and easy fatigability for two weeks. He had 
received intravenous calcium gluconate with 
temporary relief. A lead line was present. The 
hemograms, urinalyses and routine chemical 
determinations in the serum were normal and 
showed no change except for a decrease in the 
stipple cell count. 

This patient was given oral therapy only. He 
was treated from the plant dispensary. His 
abdominal pain abated on the second day and 
before the course of therapy was complete he had 
lost the metallic taste and feeling of fatigue. The 
improvement was maintained for three months 
but symptoms recurred. The man was not 
removed from the exposure. 

Case 8. A thirty-three year old Negro man 
had been engaged in automobile body main- 
tenance for three years, sanding and spraying 
paint. He did not use his respirator more than 
50 per cent of the time. The onset of his symp- 
toms was noted one month prior to admission to 
the V. A. Hospital in Atlanta, Georgia. During 
this month the patient had three major seizures, 


Lead Poisoning—Sidbury 


two staring spells, frontal headaches, visual 
hallucinations at night and abnormal behavior 
during the day. At the time of admission he was 
confused and disoriented. Pertinent findings con- 
sisted of pallor of the mucous membranes, 
carious teeth, pyorrhea and a lead line. 

His hemoglobin was 7.2 gm./100 ml. and the 
red cell count was 2.37 million. Morphologic 
study of the blood showed basophilic stippling 
of red cells; the number was lowered by treat- 
ment. The urine had a fixed specific gravity and 
there were 30 to 40 white blood cells with clump- 
ing seen on microscopic examination of the 
urine. The corrected inulin and PAH clear- 
ances were 87 cc./min. and 558 cc./min., 
respectively. The clearance values did not 
change during treatment. Intravenous pyelo- 
grams were normal. The blood urea nitrogen 
was 31 mg./100 ml. before treatment and re- 
turned to normal following treatment. The 
elevated serum inorganic phosphorus. was 
lowered to a normal value temporarily follow- 
ing treatment. The bilirubin was 2.7 mg./100 ml. 
before treatment and following treatment it 
returned to normal. The spinal fluid had a 
protein value of 109 mg. per cent before treat- 
ment and 44 mg. per cent five days after treat- 
ment. (Fig. 12.) | 

The patient showed marked improvement fol- 
lowing treatment. The dosage schedule was that 
of Plan A. His wife believed that his recovery 
was complete and noted that his behavior was 
more acceptable than at any time during their 
year of marriage. 

Case 9. This forty-four year old white man 
had worked six months as a janitor in a battery 
factory. He did not wear the respirator provided. 
He had no symptoms or findings referable to lead 
poisoning. His hemoglobin was 13.8 gm./100 ml. 
with red count of 5.38 million before treatment. 
The hemoglobin rose to 15.3 gm./100 ml. fol- 
lowing treatment. Urinalysis was negative. 

The patient was treated from the plant dis- 
pensary while on the job. He was given oral 
medication only. 

CasE 14. A Negro man was admitted in 
1947 and 1953 to the U.S.P.H.S. Hospital in 
Savannah, Georgia, for lead poisoning. In 1947 
he had lead colic. He had worked continuously 
in a small battery plant in Savannah. He had 
noted a progressive coarse tremor of his arms 
and legs with weakness and weight loss. He 
was aware of a positive “blood test” for several 
years but he had received no treatment. 
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The vital signs were normal. The mucous 
membranes were pale. There was a coarse 
tremor of the hands, head and legs at rest which 
was exaggerated by motion. A lead line was 
present. He had difficulty with enunciation, 
addition and subtraction. 


The vital signs were normal. He was edentu- 
lous. There was a moderate emphysema and the 
liver was felt 2 cm. beneath the costal margin. 

His hemoglobin was 9.3 gm./100 ml., red 
blood count 3.08 million and morphologically 
the red cells were hypochromic and had baso- 
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Fic. 12. Patient 9. Electro-encephalograms taken before, during and after Ca- 
EDTA treatment showing progressive improvement to normal. 


His hemoglobin was 9.8 gm./100 ml. red blood 
count 3.52, and morphologic study of the blood 
revealed hypochromasia, anisocytosis and baso- 
philic stippling. The result of the Kolmer test for 
syphilis was interpreted as four plus. The blood 
urea nitrogen was 12 mg./100 ml. Spinal fluid 
examination revealed no abnormalities. 

He was treated with penicillin for syphilis, 
artane® and benadryl® for the tremor, and 
CaEDTA according to Plan B. He was given 
0.4 gm. of CaEDTA once on the first day, twice 
on the second day, once on the third day and so 
on, in an attempt to evaluate the necessity of 
bi-daily administration. A good response to 
CaEDTA was obtained as judged from the 
increase in urine lead excretion and decrease in 
blood lead. Symptomatically he was much 
improved. 

Case 15. This sixty-five year old Negro man 
had been a spray painter for nine and a half 
years. Two and a half weeks previously, with- 
out apparent precipitating cause, he noted the 
sudden onset of weakness, marked anorexia, 
restless sleep, easy fatigability and a loss of 
weight from 165 to 144 pounds. 
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philic stippling. The hemoglobin two weeks 
after therapy was 9.9 gm./100 ml. Repeated 
urinalyses showed a 1.020 specific gravity, 
negative test for albumin, and many white cells 
with occasional hyaline casts in the centrifuged 
sediment. The blood urea nitrogen was 29 
mg./100 ml. 

This patient was treated with 0.4 gm. 
CaEDTA given once:a day for five days with 
dramatic improvement occurring on the third 
day. He rapidly regained his weight. He was 
treated as an outpatient. 


COMMENTS 


These cases illustrate some of the variations in 
the clinical picture of lead poisoning. Patients 1 
and 8 exemplify the encephalopathy which may 
result from excessive exposure to lead; the latter 
case demonstrates the psychotic manifestations 
which rarely may accompany the encephalop- 
athy. Patient 1 also had severe laryngospasm 
which occurs occasionally. There was probably 
some degree of cerebral involvement in patient 
14. Patients 3, 4, 5 and 6 are examples of lead 
colic, representing all gradations from the mild 
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to the very severe forms. The fourth and fifth 
patients probably had incipient lead neuritis 
which begins with weakness of the part and 
ultimate paralysis if allowed to progress. The 
importance of an adequate occupational history 
in raising the index of suspicion for lead poison- 
ing was demonstrated by patients 14 and 15, 
whose symptoms were not those usually asso- 
ciated with lead poisoning but the diagnosis was 
made by their physicians because of the history 
of exposure to lead. It is noteworthy that all of 
our patients were referred by internists or 
general practitioners, not industrial physicians. 

Figures 2-11 illustrate dramatic increase in 
urinary lead excretion when CaEDTA is given 
to patients with lead poisoning. The omission of 
therapy for one or two days in the middle of the 
course of treatment of patients 1, 3 and 5 was 
intended to illustrate more decisively the cause- 
and-effect relationship of the administered 
CaEDTA and the increased urinary excretion of 
lead. An increase in lead excretion was effected 
when CaEDTA was given intravenously or 
orally, although a greater response was effected 
when the intravenous route of administration 
was used. The lead excretion pattern of the 
third and fifth patients, who received CaEDTA 
both orally and intravenously, illustrates the 
lesser quantitative response to the oral route 
of administration. Very little increase in urinary 
lead was evoked in patient 3 when oral CaEDTA 
was given after the intravenous administration; 
however, an adequate response was obtained 
in patient 5 when oral administration preceded 
intravenous therapy. Patient 9 is included to 
show that a fall in urinary lead excretion oc- 
curred on the third treatment day when only one- 
half the prescribed dose of oral CaEDTA was 
taken. The rise in urinary lead excretion tended 
to be slower in those patients receiving oral 
therapy, with the peak of excretion in the last 
days of therapy and the decrease in lead excre- 
tion occurring gradually over several days, as 
demonstrated in the excretion patterns of 
patients 6 and 9. Foreman*® also noted this 
effect in rats and attributed it to dissociation of 
the CaEDTA in the acid medium of the stomach, 
with precipitation ‘of the relatively insoluble 
EDTA which was slowly redissolved as it 
passed through the intestinal tract. 

The effectiveness of oral CaEDTA in the 
treatment of plumbism is not yet clear; however 
the results of Cotter*’ suggest its usefulness. 
Using C-labeled CaEDTA, Foreman‘**®® ob- 
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tained only 2 to 18 per cent absorption when the 
compound was administered orally; the major- 
ity of values fell between 2 and 4 per cent. If a 
male weighing 70 kg. receiving the recom- 
mended dose of 30 mg./kg. of CaEDTA twice 
daily per os, or a total dose of 4.2 gm., 3 per cent 
absorption would give a total absorbed dose of 
126 mg. of CaEDTA, capable of chelating 63 
mg. of lead. Slow continuous absorption could 
reasonably be expected to result in greater 
efficiency of chelation of the absorbed CaEDTA 


‘as compared with that rapidly infused intra- 


venously. Mosey et al. have shown that the 
Pb-EDTA chelate is absorbed rapidly from the 
upper intestinal tract, whereas either component 
alone is not absorbed readily. This observation 
makes interpretation of results difficult in 
patients treated in lead plants, for example, 
where the exposure and ingestion of lead is 
continuous. There is no practical way to dif- 
ferentiate the fraction of lead in the urine which 
has been chelated in the intestinal tract and 
absorbed from that chelated in the blood or 
tissues. The sixth patient probably represents 
the combination of these mechanisms; patients 
3 and 5 received oral CaEDTA after having 
been removed from exposure from one to several 
months. The lowering of the blood lead con- 
centration and the response of symptoms argue 
for the absorption of effective amounts of 
CaEDTA. The oral route is not to be recom- 
mended if exposure is continued or if the symp- 
toms are moderate to severe. 

The response of the blood lead level to therapy 
with CaEDTA is interesting and apparently 
fairly consistent. In children, as demonstrated 
by the first patient, the blood lead rises notably 
during therapy, without exacerbation of symp- 
toms. Adults receiving intravenous treatment 
consistently showed a fall in the blood lead 
value during treatment, with a rebound in the 
first week following treatment. The value sub- 
sequently falls. This has not been associated with 
a recurrence of symptoms. This phenomenon is 
demonstrated in the graphs of patients 3, 4, 14 
and 15. The rebound is not seen in the patients 
receiving oral therapy or, as a rule, in those 
patients with renal damage who received in- 
travenous medication, e.g., cases 8 and 15. We 
attribute the difference of response of the blood 
lead concentration in children and adults to the 
more rapid metabolic turnover in children, 
hence the stored lead is mobilized with greater 
facility. In adults the lead is apparently chelated 
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and the complex excreted more rapidly than 
lead is mobilized, resulting in a fall of the blood 
lead concentration during therapy. 

The problem of the optimum dose is a diffi- 
cult one. The dosage cited for oral therapy is 
probably optimal, because an increase resulted 
in diarrhea and abdominal pain. During the 
early phases of this study lead determinations in 
fractional collections of twenty-four-hour urine 
samples revealed that the dose-response rela- 
tionship was very inconstant. Frequently as 
much or more lead was excreted in response to 
the test dose (149 the daily dose) as in response 
to the larger doses. It was also observed that a 
rather characteristic pattern of excretion during 
the five-day course of treatment with CaEDTA 
was established, with maximal excretion on the 
first or second day, followed by a fall and a sec- 
ond rise on the third or fourth day, as exempli- 
fied by the graph of the fourth patient. This 
pattern resulted despite the fact that the dose 
given on the first day was invariably smaller 
than that on the second day, usually by half. 
The question then arose whether the incon- 
venience of the slow infusion was necessary and 
whether smaller doses might not be equally 
effective. The studies of patients 14, 15 and 
the second course given the third patient illus- 
trate attempts to answer this question. No 
untoward reaction resulted from more rapid 
infusion. Patient 14 was given 0.4 gm. of 
CaEDTA alternately once and twice a day. 
Reference to the graph of his urinary excretion of 
lead will show that a double-peaked pattern 
resulted and on the days of greatest excretion 
he received 0.4 gm. once. Patient 15 had a 
similar pattern of total lead excretion but the 
concentration of lead in the urine reached a 
peak on the second day and decreased progres- 
sively thereafter in spite of a constant daily 
dosage of CaEDTA. The third patient is of 
particular interest because he received two 
different dosage regimens. In the first course of 
treatment he received intravenous CaEDTA for 
three days and showed the initial rise and subse- 
quent fall. The amount of CaEDTA he re- 
ceived the second time was a fraction of that 
given in the first course. However, the pattern 
of excretion, the concentration and amount of 
lead excreted in the urine were comparable. 

The pattern of excretion is interpreted as a 


reflection of the rapid excretion of the majority of » 


the lead which is readily available. The fall in 
excretion suggests a reduction in readily avail- 


june, 1955 


able lead and the secondary rise is consequent 
to mobilization of stored lead. 

That a smaller dose might be effective was 
suspected also from the fact that lead and Ca- 
EDTA react in a 1:1 ratio, mole for mole, hence 
CaEDTA with a molecular weight of 410 is able 
to chelate an amount of lead approximately 
half the weight of the CaEDTA. The largest 
amount of lead excreted in twenty-four hours 
in response to therapy was approximately 30 
mg., excreted by patient 4 on the first day. This 
amount of lead was excreted in response to 
1.0 gm. of CaEDTA, hence 6 per cent of the 
injected CaEDTA chelated lead. In all of the 
cases in which large doses were used, less than 
2 per cent efficiency was calculated for the day 
of maximal excretion, whereas in all of those 
cases given the smaller doses the efficiency of 
chelation was at least 2 per cent of the day of 
maximal excretion of lead. Assuming 1 per cent 
efficiency of chelation and using the maximal 
excretion obtained with any dosage regimen, 
i.e., 30 mg. in twenty-four hours, 0.6 gm. of 
CaEDTA each day should be an optimal dose. 
Currently we use 0.6 gm. CaEDTA in a 10 ml. 
volume given intravenously once a day. The 
CaEDTA was diluted in order to avoid any 
possibility of phlebitis. Subcutaneous infusion 
of a 0.5 per cent solution has been found equally 
satisfactory. Intramuscular injection, even when 
1 per cent procaine was added, has been quite 
painful to some patients, hence this route is not 
used, although the effect on urinary excretion 
of lead was as good as when the intravenous or 
subcutaneous route was employed. Our experi- 
ence with the Plan B dosage schedule has been 
too small (eight patients) to draw any conclusion 
except to state that the results have been con- 
sistently satisfactory and comparable to the more 

Complete clearing or marked improvement of 
symptoms occurred in all of our cases on the 
third day of treatment. There was a reduction 
in the blood lead concentration and in body 
content of lead, as judged from the amount ex- 
creted in the urine, prior to the third day. It was 
surmised that time was required for reduction in 
the tissue lead concentration to levels below that 
which causes symptoms. The urine lead patterns 
seemed to support this thesis in that there was a 
peak of excretion on the first one or two days 
and a definite fall on the third day, indicating 
that most of the readily available lead had been 
excreted and lead excreted after the first day or 
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two represents mobilization of lead more firmly 
bound in the tissues. 

The consistently good symptomatic response 
was in contrast to other modes of therapy. 
Patients 1, 4, 5, 6, 14 and 15 had been treated 
by conventional methods before CaEDTA was 
begun and had no more than temporary relief. 
The dramatic improvement of the EEG of pa- 
tient 9 during and after CaEDTA therapy offers 
substantial hope that permanent cerebral dam- 
age consequent to lead encephalopathy can be 
prevented by treatment with CaEDTA. Pa- 
tients 3 and 4 illustrate the point that even 
though a good response was obtained to a 
given course of therapy, permanent alleviation 
of symptoms and reduction of blood and urine 
values to normal was not assured. Lead ab- 
sorbed over long periods of time is deposited 
in portions of the bone which are inaccessible to 
CaEDTA, hence patients who have had heavy 
exposures will need careful observation and 
probably repeated treatment. This situation 
could be avoided if CaEDTA were administered 
to workers when the first evidence of excessive 
lead ingestion appeared, or were given con- 
tinuously as prophylaxis, if that proves safe. It is 
probably worthy of trial at a dose of 1.0 gm. per 
day for a five-day week. No medication, how- 
ever, can be substituted for proper ventilation 
and working conditions for the employees. 

The efficacy of any therapeutic agent used in 
lead poisoning can be judged in part by its 
ability to remove lead from the tissue depots. 
That CaEDTA does remove lead from the tissues 
can be deduced from the quantitative output of 
lead on the first day in the fourth patient. This 
man excreted 27.2 mg. of lead in the first twenty- 
four hours of treatment. His blood lead con- 
centration was 0.11 mg./100 gm. of blood; from 
this it was calculated that the total amount of 
lead in his blood was 3.5 mg. He excreted 23.7 
mg. of lead in excess of that contained in his 
blood. That direct tissue mobilization is 
effected rather than chelation after tissue-to- 


erythrocyte exchange is suggested by the very 


low blood lead concentrations observed during | 


treatment when urine output remained elevated. 
We were able in one experiment to show that the 
concentration of lead in the erythrocytes de- 
creased five minutes after infusion of CaEDTA 
and the serum concentration increased. One 
patient who had normal blood and urine 
concentrations of lead showed an equal increase 
in urinary lead excretion when CaEDTA was 
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given intravenously on one day and BAL 
intramuscularly on the following day. 

No significant toxic effects have been en- 
countered from oral or parenterally admin- 
istered CaEDTA in over thirty-five patients. 
Serial determinations of the hemograms; urin- 
alysis and chemical determinations on serum, 
including calcium, magnesium, phosphorus, 
sodium, potassium, chloride, total protein, 
albumin, globulin, urea nitrogen and thymol 
turbidity showed no alterations other than 
those resulting from the improvement in the 
disease process. Oral therapy in excess of the 
dosage recommended resulted in diarrhea and 
abdominal pain. Two patients receiving intra- 
venous therapy had light-headedness or arthral- 
gia on the first day of treatment which disap- 
peared with continued treatment. These patients 
knew they were receiving an experimental 
drug, hence the symptoms may have been 
psychogenic. About 30 per cent of our patients 
had evidence of renal pathologic disorder but 
CaEDTA in the usual dosages caused no 
untoward incident; indeed, in two of these 
patients the concentration of urea in their 
serum decreased following treatment. Several 
patients had marked to moderate anemia which 
improved following CaEDTA treatment without 
transfusions or iron therapy. Three of the pa- 
tients had bone marrow aspirations before and 
after receiving CaEDTA and there was no 
evidence of hematopoietic depression. 


SUMMARY 


1. The mechanism of action of CaEDTA in 
lead poisoning and the pharmacologic properties 
of the agent are described. 

2. The results of treatment of nine patients 
with lead poisoning, eight of whom were 
symptomatic, indicated that CaEDTA is supe- 
rior to previous modes of therapy for plumbism. 
Symptoms were relieved and a marked increase 
in the urinary excretion of lead was effected. 

3. A suggested dosage regimen which is 
convenient for administration in the doctor's 
office or in the plant dispensary is presented. 
The different routes of administration and their 
limitations are discussed. 

4. No toxic reactions have been encountered 
from the use of CaEDTA in over thirty-five 
patients. 

5. The role of the internist and the general 
practitioner in the diagnosis and treatment of 
lead poisoning is emphasized. The importance 
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of early recognition is accentuated by the 
availability of an effective agent for treatment 
which, it is believed, will prevent the permanent 
sequelae of plumbism if appropriate therapy is 
instituted early. 
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Review 


Management of Tetanus’ 
Report of Fifteen Consecutive Cases with Recovery 


GILBERT B. FORBES, M.D. 
Rochester, New York 


LTHOUGH prophylactic measures of 
A proven value have been readily avail- 
able for some years, cases of tetanus 
continue to occur and to present difficult prob- 
lems in management. Three hundred ninety- 
eight deaths from this cause were recorded for 
the United States in 1949; during the preceding 
decade yearly deaths ranged from 506 to 698 
in number. Granted that the disease is not 
particularly common, its high mortality rate in 
the face of the demonstrated fact that recovery 
is usually complete in those who survive con- 
stitutes a clear challenge to the clinician. It is the 
purpose of this report to call attention to certain 
factors which appear to be of importance in 
therapy. It is our contention that realization of 
the importance of these factors and strict 
adherence to the consequential principles of 
management were responsible for the very 
favorable outcome noted in the series of cases 
herein reported. These cases, which were all 
personally observed by the authors, were treated 
at the Children’s Medical Center, Dallas, Texas, 
and the Dallas City-County Hospital during the 
period 1950 through mid-1953. All of them 
suffered from generalized tetanus. 

Many authors have stressed certain points of 
prognostic and therapeutic value in tetanus, 
among them the incubation period, need for 
continuous medical and nursing supervision, 
sedation, antitoxin, care of the wound designated 
as the portal of entry, avoidance (or failing that) 
recognition of various complications, and the 
long period of hospitalization and convalescence 
in severely affected patients. But little attention 
has been given until comparatively recently 
to one of the most serious problems of all, 
namely, the problem of an inadequate airway 
and obstructive pulmonary complications. 


and AULD, M.D. 
Yankton, South Dakota 


The most extensive experience with tetanus 
in this country has been that of the Charity 
Hospital in New Orleans. The numerous reports 
emanating from this clinic have been sum- 
marized by Vinnard** and by Creech et al.'* 
Since 1902 some 1,900 patients with tetanus 


TABLE 1 
REPORTED MORTALITY FROM TETANUS 
No. | Mor- 
Reference Locality Period of 
Cases | (%) 
Adults and Children | 
New Orleans| 1934-44 | 352 45 
Creech et al............. New Orleans| 1944-48 | 184 35 
Noel and McSwain*™....... Nashville 1925-48 | 105 47 
Vener and Bower®?........ Los Angeles | 1933-40 | 100 29 
Smathers and Weed*. ._.... Detroit 1934-48 82 60 
Iowa City 1933-38 33 27 
Children Only 

Silverthorne**®............. Toronto 1921-46 70 47 
St. Louis 1933-53 47 21 
Penberthy™............... Detroit 1934-48 w 53 


have been treated there with a gradual fall in 
mortality rate from 70 per cent in the first decade 
of this period to approximately 35 per cent in 
recent years. Table 1 lists the experience of 
various clinics in the U. S. A. and Canada in 
recent years. No attempt was made to collect 
data from individual case reports since means 
were not at hand to account for possible bias in 
selection of cases for publication. 

The table indicates a spread in mortality rates 
of from 20 per cent to 60 per cent, doubtless 
accounting for the semi-defeatist attitude ex- 
pressed by a number of writers. Current texts 


*From the Departments of Pediatrics, Southwestern Medical School of the University of Texas, the University of 
Rochester School of Medicine and Dentistry and the Children’s Medical Center, Dallas, Tex. 
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continue to point out the unfavorable prognosis 
of tetanus. However, there are indications that 
prognosis in tetanus has been improving in 
recent years. Segar et al.*' report ten consecutive 
cases with recovery, Silverthorne*? mentions that 
only two of the last fifteen patients in his series 
died, and Hartmann’’ states that a group of 
twelve consecutive recoveries were observed at 
the St. Louis Children’s Hospital in recent years. 
Our series of patients is offered in support of 
the thesis that the outlook for patients with 
tetanus is by no means as serious as it is generally 
said to be. 

Before presenting the case material we should 
like to review briefly the various factors thought 
to be of prognostic and therapeutic importance 
in tetanus. 

Incubation Period. There is abundant evidence 
that the severity of the disease varies inversely 
with the incubation period. A compilation of 
several recently reported series of cases indicates 
that the mortality rate in patients having an 
incubation period of 10 days or less is almost 
twice that of patients with a longer incubation 
period.**.44.52.53 This observation has been 
commented on by many authors, yet it should be 
pointed out that there are data to indicate that 
the death rate is still appreciable in the face of 
a long incubation period. Of seventy-one pa- 
tients with incubation periods of twenty days 
or longer as reported in the literature,*:'®.** 30 
per cent did not survive. A long incubation 
period points toward a better prognosis but 
does not justify an attitude of complacency or 
relaxation of therapeutic effort. 

Age of the Patient. Approximately one-half 
of the cases encountered in civilian practice are 
children fifteen years of age or under.*® ‘44.46.52 
Reported mortality rates for tetanus neonatorum 
are high. Of thirty-seven cases treated at 
Charity Hospital during the period 1934 to 1951, 
twenty-six died.‘® Experience in other countries 
is even worse, with recent reports setting forth 
mortality rates of 94 per cent and 96 per cent 
for South Africa and Nigeria, respectively.??:*! 
By way of contrast, Yodh’s figures from Bom- 
bay, which included large numbers of adults, 
indicate a death rate of 50 per cent.®* Mor- 
tality rates for infants beyend the newborn 
period and for young adults are about the same 
but are somewhat higher in patients over fifty 
years of age.‘ 5¢ appears that prognosis is 
distinctly unfavorable at the two extremes of life 
with little variation recorded over the age span 
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between one and fifty years. From the standpoint 
of prognosis, discussions of tetanus in children 
and adults involve comparable considerations. 

Antitoxin. The theoretic basis for antitoxin 
administration is firmly established but there is 
no agreement among clinicians as to the optimal 
dose. Moreover, an attempt made some years 
ago to assess its value in the human disease gave 
inconclusive results.*° One series of twenty-two 
patients treated without antitoxin yielded a 
mortality rate of 23 per cent, a figure quite com- 
parable to those set forth in Table 1.’ The diffi- 
culty, of course, is that tetanus toxin is already 
“‘fixed’’ in the tissues of the central nervous 
system by the time symptoms have developed, 
and all that can be expected of administered 
antitoxin is that it will neutralize toxin not 
fixed to tissue. From the work of Cooke and 
Spaeth!?*® it would appear that a single injec- 
tion of 30,000 to 100,000 units provides a sati 
factory level of antitoxin in the blood for five 
to six weeks or longer. Published data with 
regard to the effect of antitoxin dosage on 
mortality are very difficult to evaluate. The 
majority of hospital deaths in tetanus occur 
within the first two or three days of hospitaliza- 
tion;*:*.46 under the method of repeated daily 
doses of antitoxin it is obvious that patients who 
live longest will receive the largest doses. 

The intrathecal route for administration of 
antitoxin appears to offer no distinct advantage 
over the intravenous or intramuscular routes. 
Smathers and Weed** observed identical mor- 
tality rates for patients treated with and without 
intrathecally administered antitoxin. Calvin*® 
observed rates of 63 and 56 per cent, respec- 
tively, and Yodh** noted rates of 50 and 65 per 
cent in his series. In each of these series those 
patients given antitoxin intrathecally also 
received intravenous or intramuscular injec- 
tions. Huntington and co-workers, in a survey of 
the literature some years ago, were unable to 
show that the intrathecal route offered any 
therapeutic advantage in the human disease.” 

Firor has studied this question in dogs given 
tetanus toxin. He noted that a much smaller 
dose of toxin sufficed to kill the animal when 
toxin was injected directly into the cord or 
medulla than when given by intravenous injec- 
tion. In one series of experiments in which 
intramedullary injections of toxin were made, 
injection of antitoxin into the same site was 
highly protective if given early but quite useless 
if delayed until symptoms of tetanus appeared.” 
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In another series in which toxin was given intra- 
venously, intrathecal injection of antitoxin 
produced results superior to intravenous injec- 
tion. This superiority, however, could be 
demonstrated only in those instances in which 
symptoms of tetanus were mild or moderate in 
severity and was not evident in the presence of 
severe symptoms. 

Dietrich,'* Spaeth‘? and Pratt** have de- 
scribed severe reactions following the adminis- 
tration of antitoxin by the intrathecal route. A 
review of autopsy data at the Strong Memorial 
Hospital disclosed the presence of cloudy spinal 
fluid, thickening of the meninges and cerebral 
edema in two patients who were given antitoxin 
by this route. The authors of papers in which 
large numbers of patients are presented have 
uniformly failed to discuss the follow-up status 
of their patients so the question of possible 
central nervous system sequelae from intra- 
thecally administered antitoxin is unanswered. 

A number of authors include in their thera- 
peutic program the injection of variable amounts 
of antitoxin into the tissues immediately 
adjacent to the wound suspected as the portal of 
entry. Quantitative data as to the efficacy of this 
maneuver in cases of human tetanus are not 
available. 


Antitoxin dosage should be independent of 


body weight.*? In instances of known sensitivity 
to horse serum, bovine tetanus antitoxin may be 
used.” 

Penicillin. The observed in vitro activity of 
penicillin on Cl. tetani*® prompted a trial of this 
drug in clinical tetanus. The reported experi- 
ences of Altemeier® and Lewis* failed to indicate 
that beneficial effects accrued from the use of 
penicillin. Diaz-Rivera and co-workers,'® how- 
ever, reported a mortality rate of only 20 per 
cent in a series of Puerto Rican patients treated 
with penicillin, yet were careful to state that 
neither the frequency nor duration of the con- 
vulsions was benefited. In a later report these 
authors observed that tetanus organisms disap- 
peared from the wound in the majority of cases 
rather quickly under influences of systemic 
penicillin therapy, though in one case organisms 
could still be cultured until the twenty-ninth 
_day.'* Penicillin has no effect on tetanus toxin.*® 
Indeed, the administration of penicillin at the 
time tetanus bacilli first enter the body does not 
prevent the development of the clinical disease.”® 
One can anticipate, of course, that penicillin or 
other antibiotics will be helpful in the preven- 
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tion or amelioration of complicating bacterial 
infections. 

Wound Excision. Most authors emphasize the 
need for adequate débridement of the wound 
serving as the portal of entry for the tetanus 
bacilli, some advocating wide excision of the 
wounded area. Others*'%47 have taken a 
definite stand for a less radical approach, Spaeth 
stating that, “The principles of surgery to be 
followed in the treatment of tetanus are identical 
with those to be recommended in the absence of 
this disease.” The early investigations of Mc- 
Clintock and Hutchings showed that amputa- 
tion of the involved extremity did not alter the 
course of the disease in experimentally infected 
animals once symptoms of tetanus had devel- 
oped.** Proof of the value of extensive surgical 
excision in the treatment of human tetanus is 
not yet available. In Vinnard’s series** the 
mortality rate among 184 patients whose 
wounds were excised was 36 per cent while 
among 109 patients in whom less radical wound 
treatment was employed the rate was 30 per 
cent. In Smathers and Weed’s series** the mor- 
tality rates for the two types of wound treatment 
were 48 and 66 per cent, respectively, and in 
Spaeth’s series 61 and 53 per cent.** Recently 
Diaz-Rivera and associates have reported a 
series of seventeen patients whose wounds re- 
ceived no surgical care whatsoever, with a 
mortality rate of 23.5 per cent.'® 

General Care, Supportive Measures, Nursing and 
Medical Supervision. In the words of Graham 
and Scott, “Before the treatment of a case of 
tetanus is begun, it is well for the physician to 
have a clear conception of the magnitude, 
complexity and duration of the problem con- 
fronting him.”?5 Spaeth has dwelt on these 
features in considerable detail.‘? These patients 
have to be protected against aspiration, fecal 
impaction, urinary retention, bed sores, injury 
from thrashing about, traumatic glossitis and 
undue excitement and stimulation. Provision 
must be made for adequate nutrition and fluid 
intake, for proper control of the level of sedation. 
Constant watchfulness for convulsions and 
laryngospasm is essential. Hartmann’s discus- 
sion of the treatment of tetanus includes strong 
emphasis on these points.?* Many clinicians are 
convinced of the need for adequate general 
care of this sort yet definite statistical proof of 
its value is difficult to obtain since many of the 
factors involved cannot be quantitated. Further- 
more, the presumed cause of death is not clearly 
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stated by most writers who report sizable series 
of cases. Such important factors as improper 
uid administration, oversedation, hyperpyrexia, 
atelectasis, cardiac failure and aspiration of 
gastric contents or of blood incident to tongue 
biting all may play a role in the eventual 
outcome but are almost impossible to evaluate 
from most of the published reports. 

Some indirect evidence on the value of proper 
supportive therapy and careful supervision is 
available. Two large series of cases of tetanus 
neonatorum have been reported from hospitals 
in rather remote areas of Africa. Of twenty-five 
cases reported from Nigeria 96 per cent died;*' 
and in Durban, South Africa, the mortality rate 
was 94 per cent for a series of sixty-seven cases.”* 
These patients all received antitoxin and seda- 
tion. The authors freely admit that nursing care 
was inadequate, the patients being cared for on 
crowded general wards, with the mothers, 
convinced from long experience that the disease 
is hopeless, often insisting on carrying their 
babies about and attempting to nurse them at 
the breast. The somewhat more limited experi- 
ence of hospitals in this country, where nursing 
care presumably is much better, indicates a 
better prognosis than that of the above men- 
tioned authors. Of eleven cases reported by 
Vinnard 55 per cent died;5* Noel and McSwain 
report five cases with 80 per cent mortality,*® 
and Spivey et al. twenty-six cases with 77 per 
cent dying.*® 

Spaeth’s experiences at lowa Cty and at Cook 
County Hospital can also be offered in support 
of the value of general nursing care and a care- 
fully planned treatment schedule. Mortality 
rates, including patients of all ages, fell to 75 and 
54 per cent of the previous values at these respec- 
tive institutions once his methods of treatment 
were put into operation.**** The important 
changes which he instituted were abandonment 
of intrathecal antitoxin, morphine, repeated 
doses of antitoxin and extensive surgical pro- 
cedures, and institution of a program of care- 
fully regulated nursing care and sedation. 

Muscle Relaxing Agents. Curare was first used 
for the treatment of tetanus a century ago.* 
There has been a revival of interest in this drug 
in recent years now that purified and more 
predictable preparations are available. Segar 
et al. report excellent results from p-tubocurarine 
in six Cases; all received sedatives in addition and 

* The history of the use of curare in tetanus has been 
reviewed by seyeral authors. 
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four had tracheotomies.‘! Weed et al. obtained 
what they considered to be satisfactory results in 
three cases, although one had an episode of 
respiratory difficulty and marked weakness 
which developed quite unexpectedly.*! 

However, Adriani and Ochsner, greatly dis- 
couraged by their experiences with curare, 
emphasized the ease with which overcurarization 
could be produced and other dangerous side 
effects and were of the opinion that complete 
curarization was necessary for the relief of 
seizures in tetanus.” Later Godman and Adriani 
stated that p-tubocurarine proved unsatisfactory 
in seven cases of tetanus.** Instances of sudden 
respiratory failure have been described®! and the 
need for immediate availability of mechanical 
aids to respiration is obvious. Most patients 
have had generous sedative supplements. Harris 
and co-workers were disturbed by the observa- 
tion that a considerable degree of rigidity 
persisted in one of their patients despite adequate 
doses of curare.*® Turner and Galloway stated 
that ‘fa narrow zone existed between the flaccid 
paralysis caused by curare and the considerable 
respiratory embarrassment caused by the recur- 
rent, extreme, tonic muscle spasm of the trunk 
characteristic of tetanus.’’*! 

Diaz-Rivera and co-workers have recently 
reported a series of fifteen patients to whom 
mephenesin was given intravenously.’ Partial or 
complete relaxation was effected in all but two 
of the patients, these two requiring tribro- 
moethanol. Laryngospasm was controlled in six 
patients. It is to be noted, however, that fairly 
large doses of phenobarbital were given to all of 
the patients in this series. No toxic effects were 
observed except for anesthesia of the oral mucous 
membranes in one patient given supplemental 
oral myanesin. In their final evaluation of this 
drug the authors make the following pertinent 
comment: “Twelve of the cases studied would 
have required either the continuous administra- 
tion of variable doses of mephenesin in 5 per 
cent dextrose in water, or the intravenous injec- _ 
tion of 50 cc. or more of the undiluted solution at 
intervals of two to three hours for the attainment 
of continuous muscular relaxation . . . This 
observation emphasizes the time limitations of 
the effect of the drug, and illustrates the constant 
medical supervision required during its use.” 

Boles and Smith report three cases treated by 
orally administered mephenesin.* Generous phe- 
nobarbital supplements were used here also and 
this fact together with indications in the protocols 
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that the severity of the disease was mild in two 
of the patients and moderate in the other makes 
evaluation difficult. Biehl and Helm report on 
six cases (three of whom died); and although 
they believe that the drug is a “‘useful adjunct” 
in therapy and produced some relaxation, they 
are careful to state: “If more severe generalized 
convulsions occurred in a given patient, how- 
ever, pentothal given to the point of narcosis was 
usually necessary.”* Godman and Adriani 
obtained beneficial results when mephenesin was 
used in conjunction with phenobarbital al- 
though they stated that the drug failed to 
produce satisfactory relaxation in one severe 
case.”4 | 

Other agents, such as gallamine triethiodide, 
“‘myonecine,”’ succinylcholine and decameth- 
onium**.3?,40.55 have been considered promising 
in isolated cases but there are no reports of their 
use on a wide scale as yet. * 

It should be obvious that administration of 
any of the muscle-relaxing agents will introduce 
the need for additional meticulousness in pa- 
tient care rather than provide for abatement in 
over-all effort. 

Considerations Relative to Adequate Pulmonary 
Ventilation. Tracheotomy in tetanus was first 
suggested a century ago,f but it has not been 
until recently that definite concern as to the 
ventilatory status of these patients has been 
clearly voiced. Disturbed respiration may result 
from a number of causes in patients with tetanus: 
laryngospasm may occur spontaneously or in 
association with excessive stimulation; anatomic 
involvement of the medulla has been noted in a 
few patients at autopsy,‘ and the usual type of 
death is a respiratory one; sedatives commonly 
employed in treatment will depress respirations 
and may provoke laryngospasm; tetanic spasms 
of intercostal muscles may interfere with normal 
breathing; aspiration pneumonia, hypostatic 
pneumonia, atelectasis and bronchopneumonia 
due to secondary bacterial invaders may occur. 
Copious tracheobronchial secretions are often 
noted. Pulmonary edema may result from exces- 
sive parenteral fluid administration. 

* It was not considered worth while to review in detail 
the numerous individual case reports published recently 
on the use of the various muscle relaxants. An excellent 
discussion of the mechanism of action and effects of 
these drugs can be found in a symposium on “Curare and 
Ann. New York Acad. Sc., 54: 297- 


t The history of the use of tracheotomy in tetanus has 
been reviewed by Herzon and co-workers. ** 
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The frequency of these complications and 
their role in prognosis is difficult to ascertain 
from many of the published series. Certain 
data indicate that they do occur with consider- 
able frequency and warrant serious consideration 
by the clinician. Graham and Scott noted 
atelectasis in six of the ten patients in their 
series, and one patient had widespread inter- 
stitial pulmonary hemorrhage.** Herzon et al. 
noted that the one death in their series of six 
patients was associated with massive atelectasis.?® 
Creech et al., in reporting a series of eight pa- 
tients, noted bilateral pleural effusion, pul- 
monary edema and mucopurulent tracheo- 
bronchitis in one patient, bronchopneumonia in 
one, aspiration pneumonia in one, and copious 
tracheobronchial secretions in two, and made the 
definite statement that “. . . death in tetanus is 
due largely to pulmonary complications which 
can be prevented by maintenance of an adequate 
airway.”'4 Altemeier mentions that eight of 
the ten deaths occurring in his series were due to 
respiratory arrest and that one of these had 
pulmonary edema in addition, but no autopsy 
details are given.’ Of the twelve deaths in the 
series of Diaz-Rivera et al. seven were ascribed to 
respiratory paralysis and “toxemia” and four to 
bronchopneumonia.'® In a later report these 
authors noted the occurrence of “pulmonary 
complications” in six of the seventeen patients 
reported and four of these died.'* Spaeth noted 
that mortality rates were markedly increased in 
the presence of complicating pneumonia.**“* 
This author also reviewed autopsy records of 
twenty-one patients; of these fifteen had bron- 
chopneumonia, complicated by massive atelec- 
tasis in one instance, patchy atelectasis in two 
and by purulent bronchitis in another; an 
additional patient had lobar pneumonia and 
two others had pulmonary congestion.‘7 A 
review of autopsies of patients dying at the 
Children’s Medical Center in Dallas during the 
years 1945 through 1949 revealed the presence 
of atelectasis in three of the four instances, and 
an additional patient (not died 
laryngospasm. A review six autopsies 
patients dying at Strong Memorial Hospital 
revealed atelectasis in four instances and early 
bronchopneumonia in the other two. 

A number of authors now recommend 
tracheotomy as a useful adjunct in the manage- 
ment of patients with tetanus. Creech et al. state 
the case for tracheotomy succintly: “The 
heavily sedated patient being fed by Levine 
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tube, barely able to move his jaws, unable to 
- swallow, subject to pharyngeal and laryngeal 
spasms during which the airway is blocked, is 
certainly a candidate for tracheotomy .. . it 
permits aspiration of bronchial secretions which 
are particularly hazardous in the sedated 
patient by predisposing to atelectasis and 
pneumonitis.””'* Both these authors and Herzon 
et al.2* have noted that sedative dosage can 
usually be reduced once tracheotomy is done, 
thus reducing the likelihood of difficulty from 
over-sedation. Harris et al.?® have given a 
comprehensive discussion of the manifold nature 
of the airway problems which may occur during 
the course of tetanus, and Hartmann?® has 
commented at length on this aspect of treatment. 
Fever is mentioned by Spaeth as an indication 
for careful assessment of the possibility of 
respiratory tract and other complications.‘ 

Sedation. ‘‘Sedation is the keystone of treat- 
ment.”’*7 Control of repeated convulsions, 
avoidance of respiratory embarrassment due to 
laryngospasm or rigidity of respiratory muscula- 
ture, relief of pain and minimization of effects 
of external stimuli are absolute essentials in 
the management of the severely affected patient. 
Many sedatives have been used—tribromo- 
ethanol, paralydehyde, morphine, bromides, 
barbiturates, chloral hydrate and magnesium 
sulfate are among those most frequently men- 
tioned in the literature. Barbiturates, tribromo- 
ethanol and paraldehyde are the three most 
widely used drugs according to recent reports in 
the literature. Spaeth condemns the use of 
morphine. There is no clear-cut indication from 
published reports that the choice of drug has an 
effect on mortality rates, although it may be 
noted in passing that of the reports summarized 
in Table 1 the author reporting the lowest 
mortality rate (Cooke) uses tribromoethanol 
exclusively. In a recent discussion Cooke!® 
presented convincing evidence of the value 
of proper sedation on the mortality rate in 
tetanus. 

Severity of the Disease. Tetanus produces a 
clinical picture of varying severity and this 
factor obviously plays a major role in the even- 
tual outcome of the patient. Those who have 
chronic or very mild tetanus present relatively 
few therapeutic problems. Most of the deaths 
occur in the moderately severe or severe group. 
Pratt** and Spaeth*’ have both offered criteria 
by which severity of the disease may be judged 
in a given patient. 
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Complications of various sorts have been de- 
scribed. Dietrich emphasizes the frequency with 
which vertebral fractures were observed in his 
series of patients.'* Serum sickness is not un- 
common. Septic complications resulting from 
the original wound or secondary to atelectasis 
are occasionally encountered. Traumatic glos- 
sitis is common. These and a number of other 
complications have been discussed at length by 
Spaeth.‘”? Mediastinal emphysema and pneumo- 
thorax, the result of tracheotomy, must be 
reckoned with since these complications may 
produce alarming symptoms and even death.?! 
Injudicious management of sedation and paren- 
teral fluid administration may result in serious 
difficulties. Cardiac irregularities are described 
by Harris et al.?* A host of complicating factors 
may plague the patient and in many instances 
compromise his welfare. 

Other Measures. Intravenous procaine has 
been used with some success by Creech and co- 
workers.'4 The use of cortisone has been dis- 
cussed by others*:'* who failed to present con- 
vincing evidence that its use modified the course 
of the disease. It is of interest in this connection 
that, according to one report,** corticotrophin 
therapy had no effect on mortality in experi- 
mental animals given tetanus toxin. 

Creech and co-workers are of the opinion that 
transfusions of whole blood should be given.'* 


PRESENTATION OF CASE MATERIAL 


Data concerning the patients to be reported 
in this series are set forth in tabular form in 
Table nu. Listed there are the nature of the 
wound, prophylactic measures employed, age of 
the patient, incubation period and an estimate 
of the severity of the disease. Attention should be 
called to two considerations of importance to the 
prophylactic scene. First, two patients developed 
generalized tetanus despite the fact that they 
had been given the commonly recommended 
dose of 1,500 units of antitoxin at the time of the 
injury (this may well have accounted for the 
unusually long incubation period of ninety days 
noted in one of these patients). Second, in three 
patients there was no visible portal of entry, and 
no history of wound or abrasion for which 
prophylactic antitoxin might have been pre- 
scribed. The need for routine active immuniza- 
tion of children (which none of our patients had 
received) is obvious. 

In Table m the details of treatment are set 
forth, with reference to antitoxin, type of sedation 
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employed, tracheotomy and bronchoscopy, and 
complications. It was our practice to initiate the 
treatment regimen by administering a dose of 
sedative drug, and in severely ill patients other 
procedures, such as antitoxin administration, 
surgical care, tracheotomy, etc., were not 
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the procedure should have been done in the first 
two patients listed in Tables n and m. The first 
patient, a newborn infant, underwent repeated 
episodes of cyanosis and apnea, and is the only 
patient in this series to exhibit serious sequelae. 
These sequelae consisted of signs of mental 


TABLE 1 
CASE DATA 
Prophylactic | Incubation | Severity 
Year | Patient | Age Portal of Entry Antitoxin Period of 
(units) (days) Disease 

1950 | S. B. 7 days | Umbilicus (tied with horse hair) = |..........005. 7 Severe 
1950 | F.N. 6 yr. | Puncture wound of foot; 6 Severe 
1951 | D.A. 8 yr. | Puncture wound of foot eee 30 Severe 
1951 |} C.F. 9 yr. | Puncture wound of foot 1,500 at injury 90 Mild 
1951 | H.L. 3 Severe 
1951; C.L. | 11 yr. | Laceration of foot 1,500 at injury 7 Severe 
1952 A. B. 14 Moderate 
1953 | T.M. | 3yr. | Laceration of scalp, skull fracture (horse kick) |.............. 7 Moderate 


carried out until a satisfactory level of sedation 
had been achieved. Thiopental was given by 
constant intravenous infusion. Dosage of seda- 
tive drug was calculated to abolish severe 
convulsions and opisthotonus but there was no 
attempt made to achieve complete flaccidity 
of skeletal muscles. Relaxation of abdominal 
muscles in the presence of a cough response to 
tracheal suction was considered a desirable goal. 
Orders were never written for successive doses of 
sedative but each dose was considered indi- 
vidually and given as the need arose. In a num- 
ber of instances we observed that the amounts of 
sedative drug could be reduced considerably 
after tracheotomy was done. 

Antitoxin was administered, after tests for 
sensitivity, in a single dose shortly after admisson 
to the hospital, approximately one-half of the 
total dose being given intravenously and the 
remainder intramuscularly or into the area 
about the wound. In only one patient were 
repeated doses given on subsequent days. The 
dose bore no relationship to body weight. The 
intrathecal route was not used. 

Tracheotomy. was done in ten patients. From 
the point of view obtained later in this series, 
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impairment presumably due to anoxic cerebral 
damage. In a number of patients copious 
quantities of tracheobronchial secretions could 
be aspirated at the time of tracheotomy. The 
precedure served several very useful purposes. 
Secretions could be aspirated at will, the effects 
of laryngospasm were neatly obviated, and 
bronchoscopy easily carried out. This latter 
procedure was necessary in five of the patients. 
Often, as mentioned previously, sedative dosage 
could be decreased appreciably. Danger from 
aspiration of gastric contents or pharyngeal 
secretions was minimized. Although the proce- 
dure necessitates additional local care, we are 
convinced that the general aspects of patient 
care were definitely easier. The tracheotomy 
tube was left in place until large amounts of 
sedatives were no longer required and the pa- 
tient could eat and drink without laryngospasm 
occurring. On the basis of our experiences, 
tracheotomy is a most useful adjunct in the 
management of these patients. The procedure 
was not routine, however, and was done only on 
proper indication. 

All of the patients in this series were given 
penicillin. They were routinely placed in a 
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TABLE 11 
DETAILS OF TREATMENT 
Length of 
Patient Sedation Tracheotomy Bronchos- Hospitalization Complications 
(units) copy 
(days) 

S. B. | Tribromoethanol, 42 Repeated episodes of 
phenobarbital, apnea and intense 
paraldehyde cyanosis 

F. N. | Tribromoethanol 22 Serum sickness 

E. W. | Pentobarbital, 26 Serum sickness 
paraldehyde 

D. A. | Pentobarbital 200,000 Yes Twice 24 Atelectasis 

C. F. | Phenobarbital 18 Osteomyelitis of os calcis 

C. A. | Pentobarbital 40,000 28 Thrombophlebitis 

H. L. | Tribromoethanol, 70,000 46 Thrombophlebitis, 
pentobarbital measles, broncho- 

pneumonia 

C. L. | Thiopental, 60,000 Yes Twice 31 Atelectasis 
paraldehyde 

A. B. | Thiopental, 80,000 15 Mediastinal emphysema 
paraldehyde, 
phenobarbital 

W. C. | Tribromoethanol, 100,000 Yes Once 48 Thrombophlebitis, 
phenobarbital, septicemia 
thiopental 

R. M. | Phenobarbital, 27 Serum sickness 
mephenesin 

R.S Phenobarbital 80,000 30 Measles, cardiac failure 

(?) 

J. A. | Thiopental, 80,000 Yes Once 40 Thrombophlebitis, 
pentobarbital, cardiac failure (?), 
paraldehyde bronchopneumonia 

B. A. | Phenobarbital 80,000 Yes Four times 27 Atelectasis, mediastinitis 

T. M. | Pentobarbital 60,000 35 Mediastinal emphysema, 

hypercapnea 


quiet semi-darkened room and special nurses 
were constantly in attendance at all hours. Noise, 
excitement and undue manipulation were kept 
at a minimum. Careful attention was given to 


membranes, to rectal and bladder function and 
to care of the tracheotomy tube. Special efforts 
to discover pulmonary complications were made 


in those patients with high fever. Frequent visits 
* were made by the medical staff. The suddeness 
_ with which convulsions and respiratory difficulty 
_ may occur demanded constant watchfulness and 
such matters as care of the skin and oral mucous __ careful supervision. Except for the two patients 
“with mild involvement, feeding was accom- 
plished entirely via the parenteral route during 
the first few days, and orders were written to 
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give absolutely nothing per os. Some patients were 
unable to swallow and attempts to pass a 
stomach tube usually provoked severe spasms. 
It seemed inappropriate to us to introduce 
material into the stomach of a heavily sedated 
patient in whom the danger of vomiting and 
consequent aspiration of stomach contents was 
always present. Fluid requirements were cal- 
culated to supply only insensible losses plus 
minimal urinary output and no attempt was 
made to supply an adequate caloric intake. To 
this end dilute electrolyte solutions and glucose- 
water were employed. 

The details of parenteral fluid administration 
were Carefully supervised, with determinations of 
serum electrolyte and non-protein nitrogen 
concentrations serving as helpful guides. Clinical 
appraisal of subcutaneous tissue turgor, frequent 
blood pressure determinations and assessment 
of urine output were also of assistance. We did 
not hesitate to use an in-dwelling bladder 
catheter when necessary. Oral or gastric tube 
feedings were instituted once definite improve- 
ment (with reduction in sedative dosage) had 
taken place. 

Wound care was at the discretion of the surgi- 
cal consultants. This aspect of treatment was 
always postponed until sedative and airway 
problems were under control, and was never 
considered as an emergency. In three patients 
ordinary incision and drainage was done, in one 
débridement was carried out and in eight pa- 
tients the wound was completely excised. 

Active immunization with ‘tetanus toxoid was 
considered as a part of the over-all therapeutic 
program. An attack of tetanus does not confer 
immunity. Since the level of passive antitoxin 
could be expected to be declining by the end of 
the third or fourth week,!” the initial dose of a 
series of toxoid injections was given at that time 
and arrangements made to continue the injec- 
tions in the outpatient clinic. 

Mephenesin was used in only one case; from 
the clinical standpoint no benefit from its use 
could be observed. 

The following case is reported in detail to 
illustrate our therapeutic program: 

C. L., an eleven year old male Negro, was 
admitted to the hospital on August 15, 1951, 
with the chief complaints of “drawing back of 
the head,” difficulty in opening his mouth and 
difficulty in swallowing for the preceding eight 
hours. One week prior to admission the boy 
sustained a laceration of the Achilles tendon 
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from a field mower. At this time the wound was 
sutured, a cast applied to the foot and injections 
of penicillin and tetanus antitoxin (1,500 units) 
were given. His course was uneventful until the 
presenting symptoms appeared. There was a 
history of smallpox vaccination as the only 
prophylactic immunization. 

Physical examination on admission revealed a 
blood pressure of 120/90; pulse 132; respira- 
tions 36; temperature 101.8°r. The patient was 
well developed and well nourished. The ab- 
dominal and skeletal musculatures were in 
marked spasm, and he was lying in a position of 
opishotonus. He could not speak or swallow and 
the maximum interincisor distance was 1.5 cm. 
The neck was rigid and all reflexes were hyper- 
active. Stimulation caused violent convulsions. 
There were no other findings of note. 

The patient was sedated with intravenous 
sodium thiopental and then taken to the 
operating room where a tracheotomy was done 
and the wound débrided. Twenty thousand units 
of tetanus antitoxin were injected around the 
wound, 20,000 units were given intravenously 
and an additional 20,000 units intramuscu- 
larly. Parenteral penicillin therapy was started. 
He was placed in a darkened room, special nurs- 
ing care was instituted and sedation maintained 
by a constant intravenous drip of 0.2 per cent 
sodium thiopental. All necessary fluids were 
given by vein. 

His clinical course is outlined in graphic form 
in Figure 1. Except for a mild temperature eleva- 
tion his course was quite smooth and convulsions 
well controlled until the seventh hospital day 
when high fever, respiratory distress and signs of 
atelectasis were present. After bronchoscopy, at 
which time copious tracheobronchial secretions — 
were noted, the respiratory difficulty disap- 
peared and the temperature returned to its 
previous level. By the end of the ninth hospital 
day the patient had received a total of 11.5 gm. 
of sodium thiopental. Since there were now 
signs of improvement, with some reduction in 
sedative dosage, a polyethylene tube was 
placed in his stomach for purposes of feeding 
and the administration of paraldehyde as the 
principal sedative. He tolerated the tube fairly 
well and after five more days paraldehyde 
therapy could be discontinued because of 
lessening of the severity of the symptoms. His 
course during this time was complicated by one 
more bout of atelectasis necessitating bronchos- 
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it was found that he could tolerate feedings by 
mouth, and by the twenty-second hospital day 
he was taking a soft diet. The tracheotomy tube 
was removed on the twenty-eighth hospital day. 
He was given the first of three fluid tetanus 
toxoid injections on the twenty-third hospital 
day and discharged from the hospital on the 


of the problems involved. On the basis of previ- 
ous experience this patient would have been 
much more difficult to manage, and the risk of a 
fatal outcome definitely greater, had tracheot- 
omy not been done. Bronchoscopy, which 
relieved severe atelectasis on two occasions, also 
contributed to the favorable outcome. 


Vracneotomy Gastric tube Oral Tetenus Gen. dot 
Cepretin neg Teen. tubs Disc 
Tay | | Sort diet | out 


- 
ATELECTASIS 


C.L.,c.m.,age Il yrs. 
Tetanus 


- 
Auguet 


— September 


Fic. 1. Clinical course of patient C. L. Thiopental was given by continuous intravenous infusion, paraldehyde by 
gastric tube. Dosage of paraldehyde, not indicated on the ordinate, was 10, 5, 5, 3, and 5 ml. on successive days. 
Fluid intake, depicted at the bottom of the chart, includes only parenteral fluids prior to August 24th (tenth hospital 
day) and both gastric and parenteral fluids after that date. An electroencephalogram taken on September 12th 


(twenty-ninth hospital day) was interpreted as normal. 


thirty-first hospital day. He was subsequently 
observed at intervals in the surgical outpatient 
clinic. A skin graft was required at a later date. 
There has been no indication of residual diffi- 
culties from his disease. 

Attention should be called to the cephalin- 
cholesterol flocculation tests which were done 
at intervals during his hospital course. A 3+ 
reading was first noted on the third hospital day; 
this became 4+ on the seventh hospital day but 
reverted to negative by the twenty-third hospital 
day. There was no evidence at any time of 
hepatic enlargement or of icterus. 

This case typifies the course of the patient 
with severe tetanus and serves to illustrate many 


The abnormal cephalin-cholesterol floccula- 
tion value was of interest, and similar findings 
were made in two other patients. In each 
instance the value became normal during con- 


valescence and in none were clinical evidences . 


of hepatic dysfunction present. Unfortunately, 
tests were not done in the other patients nor 
were other liver function studies carried out. 
Spaeth described fatty changes in the liver in 
seven of twenty-one patients coming to autopsy, 
cloudy swelling and degeneration of hepatic 
cells in two, and marked congestion in four 
others.*7 Unfortunately, our observations were 
not complete enough to determine the extent of 


the hepatic damage or whether the observed 
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abnormality was due to the effects of the sedative 
drug, to some direct action of the tetanus toxin, 
or possibly to protein and caloric deprivation 
incident to parenteral alimentation. 

Complications encountered are entered in 
Table m. Serum sickness was mild in each 
instance. The instances of measles represent 
hospital cross infection. Thrombophlebitis was 
troublesome and seemed to occur regardless of 
the type of venous catheter used. Mediastinal 
emphysema was of limited extent and produced 
no symptoms in the two patients in whom it 
occurred. One patient developed an elevation of 
serum carbon dioxide content to 39 mEq./L. 
and this was also observed in mild degree in 
some of the others. Signs suggestive of cardiac 
failure were noted in two patients and digitalis 
was given. (It is of interest that Harris et al.** 
made a similar observation in one of their 
patients. ) 


COMMENTS 


These cases are presented in order to review 
once again the important aspects and the com- 
plex nature of a rational therapeutic program for 
patients suffering from generalized tetanus. The 
possibility exists that the salvage of fifteen con- 
secutive cases was entirely fortuitous, yet three 
deaths would have been anticipated in our 
series had the most favorable mortality rate 
reported in the literature (Table 1) obtained. 
Two of our cases are classed as mild, to be sure, 
yet two instances of tetanus neonatorum are 
included. 

It is difficult to single out any one factor as 
primarily responsible for the very favorable out- 
come noted in this series of patients. It is our 
considered opinion that attention to airway 
problems was of major importance. It is also our 
__ belief that careful supervision of all of the mani- 

fold therapeutic considerations is not to be 
disparaged. As noted earlier, neglect of any one 
of a number of therapeutic factors may com- 
promise the patient with tetanus. In this disease 
the therapeutic program should be an inclusive 
one and the highlighting of one aspect to the 
detriment of others should not be condoned. 

It should be mentioned that although anti- 
toxin is necessary in the treatment of tetanus its 
administration is usually not followed by rapid 
improvement in clinical symptoms. Symptoms 
may actually progress in severity for a day or two 
and usually nd change for the better is noted 
until several days have elapsed. In some pa- 
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tients repeated convulsions and inability to 
swallow may persist as long as two weeks. As 
mentioned earlier, the majority of deaths in 
tetanus occur in the first few days of the disease. 
Antitoxin administration, therefore, cannot be 
considered life-saving in the usual sense of the 
word and will have but little influence on 
mortality unless the patient can be kept alive 
until the effects of the “‘fixed’”’ toxin have been 
dissipated. During the first few days of treat- 
ment measures designed to assist the patient 
through the repeated crises of convulsive 
activity and respiratory embarrassment are of 
prime importance. It has been our custom to 
give a single large dose of antitoxin when the 
patient is first seen and then to direct our at- 
tention to the more important matters of seda- 
tion, adequacy of the airway and nursing care. 
Worsening of symptoms is not an indication for 
more antitoxin but rather for attention to be 
directed more precisely to matters of pulmonary 
ventilation, sedation and supportive care. 

The valuable contribution of tracheotomy 
to the welfare of these patients has been dealt 
with earlier. We do not recommend it as a 
routine procedure yet there should be no hesita- 
tion in employing it when indicated. Nor 
should there be any delay in performing this 
rather simple procedure once indications have 
arisen. In the words of one of the nineteenth 
century pioneers in the field of tracheotomy: 
‘There is always that kind of feeling connected 
with a surgical operation in acute diseases, 
which prevents its being proposed, assented to, 
or performed, unless under nearly desperate 
circumstances, and when ali other means have 
failed. In the case before us, the operation is 
performed at a time when the situation of the 
patient is the worst possible for success; when the 
nervous system has been profoundly injured, 
and the lungs . . . have become extensively 
congested.”’®® The author was discussing the 
treatment of croup in this instance. The situa- 
tion in tetanus is quite analogous to that ob- 
taining in other states wherein tracheotomy 
may be helpful: unwarranted delay invites the 
danger of complete exhaustion of the patient, 
dangerous hypercapnia, pulmonary interstitial 
emphysema and the possibility of anoxic 
cerebral damage. 

Herzon and co-workers have listed a number 
of indications for tracheotomy, as follows: 
prolonged spasm of respiratory muscles, absent 
cough and swallowing reflexes, laryngeal ob- 
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struction, secretions in tracheobronchial tree, 
excessive biting of the tongue and coma.”® 

In support of the contention that tracheotomy 
is essential to the successful management of 
patients with severe tetanus reference may be 
made to previous experience with this disease at 
the Children’s Medical Center in Dallas. During 
the period 1945 to 1949 nineteen infants and 
children were treated and of these, nine, or 


_ forty-seven per cent, died. In only two in- 


stances was tracheotomy done. None of these 
patients were observed by the authors, and it 
was difficult to make a critical evaluation from 
the records of such matters as nursing care, 
fluid administration and the like, although it is 
known that they all received sedation, wound 
care and adequate amounts of antitoxin. The 
average incubation period in these nineteen 
patients (11.6 days) was somewhat greater 
than that of the present series (9.1 days).* 
The striking reduction in mortality noted in our 
series can certainly be ascribed, in great part at 
least, to the more careful attention to the airway 
problem, including tracheotomy. 

On the basis of our experience, and that of 
others, tracheotomy can be recommended for 
the vast majority of patients with severe or 
moderately severe tetanus. 

Curare and curare-like drugs were not used. 
One patient in the 1945 to 1949 group died in 
respiratory failure shortly after an injection of 
curare. The patients in the present series did 
quite well without these drugs, and we were un- 
willing to introduce a new complicating factor 
into the treatment program at this time. The 
dangers attending the use of these drugs are 
well known, and we took the position that they 
should be employed only in instances of failure of 
other methods with which we were far more 
familiar. It is to be noted that Segar et al.*! 
in their series of six cases treated with curare 
followed the same treatment precepts (sedation, 
care of the airway, etc.) laid down earlier in this 
discussion. 

In the treatment of tetanus the concept of 
totality of endeavor is foremost. All those aspects 
of the therapeutic regimen which may reason- 
ably be considered to be of benefit to the patient 
should be stressed. Medical manpower and 


* The one patient in the present series with an exces- 
sively long incubation period of ninety days was not 
included in calculating the average value. Sixty per cent 
of the patients had incubation periods of ten days or 
less in contrast to 40 per cent for the former group. 


hospital resources should not be spared in the 
care of the sufferers from this hitherto supposedly 
hopeless affliction. It is to be hoped that by 
scrupulous attention to the complex details of 
treatment the mortality from this severe yet 
completely recoverable disease may be vastly 
reduced in the future. 


SUMMARY 


1. A review of selected literature bearing on 
factors of therapeutic and prognostic importance 
in tetanus is presented. 

2. A series of fifteen consecutive recoveries 
from generalized tetanus is reported. 

3. An important factor in prognosis is that of 
the adequacy of pulmonary ventilation. Tra- 
cheotomy was performed in ten patients and 
bronchoscopy in five of these. The patients were 
much more easily cared for once this procedure 
had been carried out. 

4. Other factors of therapeutic importance 
were: (1) careful medical and nursing super- 
vision, (2) avoidance of oral or gastric feedings 
and alimentation via the parenteral route, (3) 
a precise yet flexible program of sedation, (4) 
minimization of external stimulation and (5) 
watchfulness for complications. 

5. Antitoxin administration and wound care 
were considered of secondary importance. 

6. Active immunization during convalescence 
is desirable. 


Addendum: Since this manuscript was pre- 
pared, sixty cases of tetanus have been reported 
from Bombay. One-half the patients received 
either cortisone or corticotropin as an added 
therapeutic measure; of these 53 per cent died 
whereas the mortality rate for the control group 
was 80 per cent. The observed difference may 
well be due to chance (X? 3.68, P .056). Cf. 
Lewis, R. A. and others. Cortisone and hydro- | 
cortisone given parenterally and orally in severe 
tetanus. J. A. M. A., 156: 479, 1954. 
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Seminars on the Hemolytic Anemias 


Symptomatic and Hemopathic Hemolytic 
Anemia’ 


Louis R. WASSERMAN, M.D., DANIEL STATS, M.D., LAWRENCE SCHWARTZ, M.D. 
and HuGH FuDENBERG, M.D. fT 


New York, New York 


NEMIA of varying intensity may be a 
A prominent manifestation of the leu- 
kemias and lymphomas as well as of a 
wide variety of other systemic disorders. The 
mechanisms postulated for these anemias include 
infiltration and replacement of the bone marrow, 
toxic depression of the marrow, failure of 
delivery of red cells into the circulation and 
metabolic derangements in hemoglobin synthesis 
and hemorrhage. While some or all of these 
causes may be concerned in varying degree in the 
pathogenesis of these anemias, other factors must 
also be implicated. Low red cell levels are at 
times associated with_a normal or erythro- 
normoblastic bone marrow and immature red 
cell forms in the peripheral blood; conversely, 
anemia is not an invariable accompaniment of a 
markedly infiltrated bone marrow (e.g., chronic 
leukemia). 

The role of hemolysis as an important cause of 
anemia in these and other conditions has been 
recognized since 1906 when it was first described 
in leukemia.'? Subsequently a hemolytic syn- 
drome was noted in association with other 
cases of leukemia*—* and in Hodgkin’s disease,’ 
*-13 lymphoma,'* ovarian 
tumors and dermoid cysts, '*:!® Boeck’s sarcoid, ® 
liver disease’:*°-27 and The 
term “symptomatic hemolytic anemia” (SHA), 
introduced by Dameshek and Schwartz*! and 
later popularized by Singer and Dameshek,*? 
was used to designate those cases in which an 
apparent etiologic relationship existed between 
the hemolytic anemia and some underlying 
disease process. The frequency and significance 
of the association between hemolytic anemia 


and the diseases cited was emphasized in 
subsequent reports;**:** in addition, symptomatic 
hemolytic anemia has been reported in kala- 
azar,** osteosclerosis,** disseminated lupus ery- 
thematosus,*’—*! polyarteritis nodosa, sclero- 
derma“ and dermatomyositis,*® as well as in 
Gaucher’s disease,***? Kaposi’s sarcoma,***® 
hemochromatosis,***' hepatolenticular degen- 
eration,'** viral pneumonia,**** infectious 
mononucleosis**—® and ulcerative colitis. 

The extended use of red cell survival studies 
has recently demonstrated a decreased erythro- 
cyte life span, indicating increased hemolysis, 
in an additional number of conditions in which 
hemolysis is not a prominent feature. This group, 
which includes inflammatery 
chronic hepatic and renal disease,’'~"* car- 
cinoma’*-"* and many blood dyscrasias,’*-** 
differs in many respects, both clinically and 
hematologically, from the symptomatic he- 
molytic anemias. Although decreased red cell 
survival is common to both SHA and this ill- 
defined group, the underlying etiologic and 
pathogenetic mechanisms are apparently quite 
distinct. Evidence implicating a faulty internal 
environment in this latter group, resulting in 
abnormalities in both blood and bone marrow, 
with a related dyserythropoiesis and decreased 
red cell survival, will be cited later. Because of 
the complex pathogenesis of this form of anemia 
the more inclusive term, ““‘hemopathic hemolytic 
anemia” (HHA) is suggested for these hemolytic 
syndromes, as distinct from the more clearly 
defined symptomatic hemolytic anemias (SHA). 

SHA and HHA have been detected with in- 
creasing frequency in an ever widening range of 
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conditions in recent years due to the introduction 
of new methods of determining autoimmuniza- 
tion**** and decreased red cell survival.*°-*? The 
recent emergence of more effective therapy for 
SHA,**:** and the more general appreciation 
of HHA, warrant a more precise delineation of 
the syndrome at the present time. 


CLINICAL AND LABORATORY FINDINGS 


The clinical pictures of symptomatic hemo- 
lytic anemia and hemopathic hemolytic anemia 
are extremely pleomorphic since the primary 
disease and the hemolytic anemia exist in an 
unpredictable and variable relationship to one 
another. The intensity of the hemolytic process in 
SHA usually parallels the activity of the primary 
disease and, although signs of both syndromes 
are commonly present, features of either one may 
predominate. In most instances of symptomatic 
hemolytic anemia, hemolysis appears only after 
the underlying disease has been present for 
some time (Cases 1, 2, 7, 8, 9; Figs. 1, 2, 3 and 
7) but occasionally both conditions develop 
simultaneously (Case 6, Fig. 6). Least common, 
but diagnostically most challenging, are those 
cases which at the onset simulate idiopathic 
acquired hemolytic anemia, with signs of the 
primary process appearing only subsequently, or 
becoming evident only at splenectomy, other 
surgical procedures or postmortem examination 
(Cases 3, 4, 5; Figs. 4 and 5). 

In HHA, with rare exceptions, the outstand- 
ing findings are those of the underlying disease 
(Case 10). The clinical features of hemolysis are 
not prominent, and are usually manifested only 
by an anemia of moderate severity, at times with 
an increased transfusion requirement. 

The results of laboratory tests in symptomatic 
hemolytic anemia reflect the increased rate of 
hemoglobin metabolism and, in addition to 
a normochromic anemia of variable severity, 
include the following: 

Alterations in Pigment Metabolism. Indirect 
hyperbilirubinemia, reflecting the increased 
hemoglobin breakdown, is usual in symptomatic 
hemolytic anemia, the extent of the elevation 
being determined by the excretory capacity of 
the liver for this pigment. This increase in in- 
direct serum bilirubin is not unequivocal 
evidence of accelerated hemolysis, however, but 
may also be found in familial non-hemolytic 
jaundice.** Early in a hemolytic process normal 
bilirubin values are not uncommon; hepatic 
dysfunction or biliary obstruction can occur 


during the course of long-standing hemolysis or 
may be secondary to the underlying disease or its 
therapy, resulting in both direct and indirect 
hyperbilirubinemia. It is only in these instances 
that bile will be noted in the urine. 

The major end product of hemoglobin break- 
down is urobilinogen, a generic term for a group 
of related tetrapyrrols formed by intestinal 
bacteria from the bilirubin excreted in the bile. 
The daily fecal excretion is directly related to the 
red cell turnover of about 1 per cent per twenty- 
four hours and ranges from 40 to 280 mg. in 
normal subjects.“ An increased output of 
urobilinogen is probably the most consistent 
pigment alteration encountered in hemolytic 
processes. Since the urobilinogen excretion is 
proportional to the total body hemoglobin mass, 
however, a normal value for a healthy adult may 
actually represent increased excretion in an 
anemic subject or in a child. The “hemolytic 
index” (normal 10-21) expresses this relation- 
ship of daily urobilinogen excretion to the 
total hemoglobin and is therefore a more signif- 
icant parameter than the absolute urobilinogen 
value.*’ Difficulties in interpreting such pigment 
data arise from the facts that (1) cyclic varia- 
tions in excretion occur,®* (2) not all hemoglobin 
catabolized can be accounted for as urobilino- 
gen,**-!°° variable amounts being degraded to 
non-aldehyde reacting dipyrrols and _ other 
compounds’®! or diverted to other pathways!” 
and (3) not all fecal urobilinogen is derived 
from circulating hemoglobin.'® Furthermore, 
extremely low fecal pigment values may result 
from the use of those antibiotics which suppress 
the intestinal bacteria responsible for bilirubin 
degradation.’ Although augmented fecal uro- 
bilinogen is unequivocal direct evidence of 
increased blood destruction, the available 
methods of estimation may at times yield normal 
or even low values in the face of increased 
hemolysis. 

The normal urinary urobilinogen excretion of 
less than 2 mg. per day*’ may not be exceeded in 
symptomatic hemolytic anemia. This value is 
quite variable and diagnostically unreliable for 
hemolysis, since it is dependent both upon the 
degree of intestinal reabsorption and upon the 
capacity of the liver to excrete the reabsorbed 
pigment. 

In hemopathic hemolytic anemia, jaundice 
and hyperbilirubinemia are usually absent and 
the fecal urobilinogen excretion may vary from 
moderately increased to low normal values.**”* 
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‘5.108 These findings probably reflect the rela- 
tively slight increase in blood destruction found 
in the hemopathic type as compared with that 
seen in symptomatic hemolytic anemia; in addi- 
tion, basic differences in hemoglobin catabolism 
or alternate pathways of pigment excretion may 
explain the discrepancy in fecal pigment values, 
particularly since the hemolytic index may fall 
below its expected value. 

Bone Marrow and Peritheral Blood. Hemolysis 
usually causes a compensatory marrow hyper- 
plasia particularly of the red cell precursors. In 
symptomatic hemolytic anemia this increased 
erythropoietic activity may at times obscure the 
characteristic bone marrow morphology asso- 
ciated with the primary disease (Case 5); 
in other instances the latter may be prominent 
despite the presence of a severe hemolytic state 
(Case 2, Fig. 3) or findings of both hemolysis and 
the basic disease may coexist (Case 1). 

The compensatory bone marrow hyper- 
activity is manifested in the peripheral blood by 
reticulocytosis, normoblastemia, polychromato- 
philia, poikilo- and anisocytosis of the erythro- 
cytes, as well as granulocytosis and thrombo- 
cytosis. In approximately 60 per cent of the cases 
of SHA microspherocytosis of the red cells with 
consequent increase in osmotic and mechanical 
fragility is also present. - 

In hemopathic hemolytic anemia the marrow 
shows little or no increase in erythropoiesis and 
is usually normocellular although it may be 
slightly hypo- or hypercellular (Case 11). The 
peripheral blood usually fails to show poly- 
chromatophilia, reticulocytosis or normoblaste- 
mia but occasionally morphologic defects in the 
erythrocytes may be observed, as in liver disease 
(target cells), uremia (burr cells! and tri- 
angular cells'*?) and in myeloid metaplasia 
(tear-drop and elliptical cells). 

The half-time of disappearance from the 
plasma of intravenously injected radioactive 
iron-beta-1-globulinate has been shown to be 
an index of erythropoiesis which, together with 
red cell incorporation of the radioiron, measures 
the rate of iron utilization for hemoglobin 
synthesis. !°8:!09 An increased plasma and red cell 
iron turnover is invariably present in all hemo- 
lytic processes unless accompanied by dyseryth- 
ropoiesis. Thus in the hemopathic hemolytic 
states the half-time of radioiron disappearance 
from the plasma is normal or prolonged and the 
net per cent utilization of radioiron by the red 
cells is markedly diminished, rarely exceeding 
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25 per cent (Case 11, Fig. 9); whereas in SHA 
rapid disappearance from the plasma and 
increased utilization of the injected radiciron i is 
the rule. 

Immunologic Findings. Autohemolysins in 
acute hemolytic anemia (“‘hemolysinic icterus’’) 
were first noted by Chauffard.'!*'!! A lapse of 
many years occurred before the pathogenetic 
relationship of similar hemolysins and other 
antibodies to hemolytic anemia was demon- 
strated by Dameshek and Schwartz."!? Anti- 
erythrocytic antibodies, of both the complete 
and incomplete types, have been found with 
increasing frequency by the use of more sensitive 
serologic methods including colloid-rich media, ** 
proteolytic enzyme-treated erythrocytes*® and 
the antiglobulin test of Coombs, Mourant and 
Race.***? The latter test is especially important 
since it permits the detection of antibody ad- 
sorbed on the red cell surface even when not 
demonstrable in the serum; such antibody when 
eluted from these “coated” red cells will react 
in vitro with normal erythrocytes.!!* “Cold” and 
‘“‘warm”’ agglutinins showing optimal agglutina- 
tion at temperatures ranging from 4°c. to 
37°c. have been found in these cases.''* In addi- 
tion, these agglutinins often show hemolytic 
activity when tested at an acid pH, or when used 
against enzyme-treated or paroxysmal nocturnal 
hemoglobinuria red cells.'!® 

These antibodies, customarily referred to as 
non-specific autoantibodies or panantibodies, 
react with all human red cells (including those of 
the patient) irrespective of antigenic constitu- 
tion. Autoantibodies specific against one or more 
of the known blood group antigens present on a 
patient’ s own red cells, and existing either alone 
or in combination with non-specific antibody, 


have been demonstrated recently in a number of 


cases. 116-118 

The antibody patterns in cases of symptomatic 
hemolytic anemia are not significantly different 
from those present in the idiopathic type. Cold 
and warm agglutinins and hemolysins, and 
both non-specific and specific autoantibodies 
have been reported. 

In contrast to symptomatic hemolytic anemia, 
cases of the hemopathic type invariably fail to 
show evidence of autoimmunization. Specific 
isoantibodies resulting from transfusions are 
common in the hemopathic as well as the 
symptomatic variety. 

Red Cell Survival. A shortened erythrocyte life 
span is the most direct evidence of a hemolytic 
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process. Studies of normal red cells transfused 
into normal recipients reveal an erythrocyte 
survival of about 120 days with a linear slope of 
disappearance of the transfused cells. In con- 
trast, normal cells transfused into a patient with 
acquired hemolytic anemia disappear rapidly 
in an exponential manner’*7%.119 (Case 1, 
Fig. 1). This suggests that a mechanism extrinsic 
to the cells results in their random destruction, 
the number of cells destroyed at any time 
being a function of the number remaining. The 
action of autoantibody upon the erythrocytes is 
probably the mechanism responsible for their 
increased destruction. 

A slight to moderate increased rate of red cell 
destruction is present in cases of hemopathic 
hemolytic anemia. Rather than the exponential 
red cell disappearance curves seen in sympto- 
matic hemolytic anemia, the survival curves in 
HHA are linear’ (Cases 10 and 11, Fig. 9). 


CONDITIONS ASSOCIATED WITH SYMPTOMATIC 
HEMOLYTIC ANEMIA 


Leukemia. (Cases 1 and 2, Figs. 1, 2 and 3, 
Table m, Cases 1 to 10): Hemolysis in chronic 
leukemia was first noted by Hirschfeld’ and 
Pappenheim? in 1906, the latter postulating as 
the etiologic agent a hemolytic toxin produced 
by the leukemic tissue. Paschkis‘ later described 
two cases of “consumption anemia”’ associated 
with chronic myelocytic and chronic lympho- 
cytic leukemia, and numerous cases of SHA 
complicating chronic leukemia, usually of the 
lymphocytic type, have since been reported.*:>— 
8,119-129 ‘The occurrence of SHA in acute leu- 
kemia has been less well documented; however, 
one case with autoantibody has recently been 
reported, and two cases of “‘blastic”’ leukemia 
with symptomatic hemolytic anemia and positive 
antiglobulin reactions have recently come to our 
attention. 14141 

The incidence of SHA in chronic leukemia is 
unquestionably much greater in the lymphocytic 
than in the myelocytic variety and this is, in- 
deed, the condition most commonly associated 
with symptomatic hemolytic anemia. Osgood 
and Seaman!*? observed increased hemolysis in 
seventeen of 109 patients with chronic lympho- 
cytic leukemia, but in only one of sixty-four 
patients with chronic myelocytic leukemia. SHA 
was noted in the present series in nine of 
fifty-eight consecutive cases of chronic lympho- 
cytic leukemia, whereas only one instance of this 
syndrome, with a consistently negative Coombs 
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test, was encountered in thirty-four cases of 
chronic myelocytic leukemia. In contrast to the 
positive antiglobulin tests found in about 70 per 
cent of our cases of symptomatic hemolytic 
anemia secondary to chronic lymphocytic 
leukemia (Table 1), and in almost all the cases 
of another large series,!** in the few reported 
cases of chronic myelocytic leukemia with SHA, 
the antiglobulin tests, when performed, were 


negative,!?!.!23 with one atypical exception. 


Lymphomas and Hodgkin’s Disease. (Cases 3, 4 
and 5, Figs. 4 and 5, Table m1, Cases 11-22): 
SHA associated with Hodgkin’s disease, giant 
follicular lymphoblastoma and lymphosarcoma 
has been frequently 
132-136 with a lower incidence, however, than in 
chronic lymphocytic leukemia. Gall and Mallory 
failed to note increased hemolysis in 618 cases of 
lymphoma!*? and only four of ninety cases of 
Hodgkin’s disease reviewed by Goia showed 
evidence of hemolytic anemia.!**® SHA occurred 
in eight of 104 consecutive cases of Hodgkin’s 
disease and in four of fifty-three cases of lympho- 
sarcoma and giant follicle lymphoma in the 
present series. Since the majority of these cases 
were seen prior to the introduction of the anti- 
globulin test, it is difficult to estimate the inci- 
dence of positive Coombs tests in the lymphoma 
group but it probably will be found to be posi- 
tive as frequently in these diseases as in chronic 
lymphocytic leukemia. 

Disseminated Lupus Erythematosus. (Case 6, 
Fig. 6, Table 1): A number of cases of sympto- 
matic hemolytic anemia in disseminated lupus 
erythematosus have been reported.*’—*! In the 
present series SHA occurred in about 10 per 
cent of the cases of disseminated lupus (Table 1, 
Case 6, Fig. 6). Almost all patients with hemoly- 
tic anemia secondary to this disease have posi- 
tive direct antiglobulin tests; furthermore, 
positive Coombs tests are frequently noted in 


‘these patients even in the absence of demon- 


strable hemolysis.**—*! Positive antiglobulin tests 
were found by Dacie’*® in six of nine patients 
with disseminated lupus, although only one 
displayed overt hemolysis. ‘Thirty-one of seventy- 
two patients seen in the present group during the 
past five years had a positive direct antiglobulin 
reaction, yet only six of these had demonstrable 
hemolytic anemia; one patient with hemolytic 
anemia had a negative Coombs test. A summary 
of the findings in these cases is given in Table 1. 
“Collagen Diseases” Other Than Disseminated 
Lupus Erythematosus. SHA is rare in the so- 
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called “collagen diseases” other than lupus. 
Eight cases of hemolytic anemia secondary to 
polyarteritis nodosa have been reported**:** but 
antiglobulin tests were not performed in these. 
Of the seven cases of polyarteritis observed in the 
present series, none had features suggesting a 


Carcinoma. (Table m, Case 23): Hemolytic 
anemia has been observed in association with 
carcinomas of the pancreas,'*** cervix uteri,” 
gastrointestinal tract, Jung! and pros- 
tate and breast.'* Shen and Homburger’* noted 
only three cases of overt hemolysis in a series 


TABLE |! 
DISSEMINATED LUPUS ERYTHEMATOSUS WITH SYMPTOMATIC HEMOLYTIC ANEMIA ° 
Direct 
Duration Before Therapy Therapy f Spherocytosis Coombs 
L.E. (yr.) Test 
Serum 
yr. 
Case | and Effect Antibodies 
Sex | Be- After | Hsb. | Reticu- on |Before| After | Before| After 
fore SHA (gm. | locytes Type He- | Ther-| Ther- | Ther- | Ther- 
SHA %) (%) moly-| apy | apy | apy | apy 
sis 
1 | 22/0 1 |4.6-10.4| 6.6 |Cortisone | Fair | 2+ | 0 34 | 2+ 0 
G.J.| F (died) 
2\| 12 | 0 4 |4.2-8.6| 12.0 | ACTH Good] 1+ | 0 | 34 | 1+ | Anti-E 
R. K.| F (alive) Cortisone Good Cold agg. 464 
3 | 21/13 1 |6.5-11.0/ 4.8 |Cortisone | None} 2+ | 1+ | 3+ | 2+ | Anti-Jke 
G.R.| F (alive) 
4 | 45 | 2 2 |2.3-6.8| 42.1 | Splenectomy | None} 1+ | 2+ | 3+ | 1+ | Cold agg. 
IS M (died) | ~ Cortisone None} 1+ | 2+ | 1+ | 1+ 
ACTH None} 1+ | 2+ | 1+ | 1+ 
5 8 0 7 |2.8-8.2 | 22.1 | Splenectomy | Fair | 1+ | 2+ | 2+ | 2+ | Cold agg. 
C.P.| F (alive) 280 
6 | 31/3 0.5 |2.6-9.1 | 31.4 | Transfusion | Good| 1+ | 0 0 0 | Cold agg. 4420 
E.L.| F (died) 
7 | 4111.5] 0.3 |3.6-9.7] 4.1 t 0 0 1+ | 2+ 0 
E.D.| F (died) 


* Positive L.E. preparations were obtained in all cases. 


t (1) Response to treatment: Good—Hgb. maintained above 11 gm. per cent; Fair—Hgb. maintained at 9 to 11 
gm. per cent; None—Hgb. unchanged. (2) All patients received blood transfusions. 
t Patient presented with hemoglobinuria and methemalbuminemia which subsided spontancously. 


hemolytic process. Hemolytic anemia associated 
with scleroderma and with uncomplicated der- 
matomyositis have each been reported once. **:*® 
Both showed positive direct Coombs tests. 
Another patient with dermatomyositis devel- 
oped hemolytic anemia concomitantly with an 
Ovarian cyst, hemolysis disappearing after 
removal of the ovarian tumor.'*® No evidence 
of SHA was found in the fourteen cases of 
dermatomyositis and in the twenty-five cases of 
scleroderma observed in the present series dur- 
ing the past ten years. 
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of 116 cases of carcinoma complicated by 
anemia, the hemolysis being unrelated to the 
presence or absence of osseous metastases. 
Positive antiglobulin tests have been reported in 
only a small number of such patients.”***!.1** 
Liver Disease. (Case 7, Table m, Cases 24 and 
25): The frequent combination of liver disease 
with hemolysis has been emphasized by numer- 
ous investigators since the early descriptions by 
Mouisset et and Eppinger.*! Hemolytic 
anemia was found in more than 20 per cent of a 
large series of cirrhotics’ and rapid red cell 
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breakdown as an important cause of the anemia 
of cirrhosis was stressed by Fellinger and Klima.** 
Hyman and Southworth'*® found positive anti- 
globulin tests in six of eleven patients with 
hemolytic anemia secondary to chronic liver 
disease. In the present group of cases SHA was 
observed in a case of cirrhosis (Table 11, Case 
25) and an extremely high titer hemolysin was 
found in a severe hemolytic anemia associated 
with serum hepatitis (Case 7), the antibody 
disappearing spontaneously with recovery from 
hepatitis. 

Virus Infections. A causal relationship be- 
tween hemolytic anemia and the high titer cold 
agglutinins found in virus pneumonia was 
noted by Peterson, Ham and Finland.*? The 
anemia usually has an acute onset during the 
second or third week of illness and remits 
spontaneously within a short time. Positive 
antiglobulin reactions and spherocytosis are 
frequently present. 

Infectious Mononucleosis. (Case 8, Table m1, 
Cases 26 and 27): Acute hemolytic anemia 
occurring during the course of infectious mono- 
nucleosis has been reported in a number of 
instances.**—®.'53 [In addition to an elevated 
heterophile antibody titer, either cold ag- 
glutinins or positive direct antiglobulin tests have 
been present in most cases. The anemia begins 
shortly after onset of the disease and usually 
subsides spontaneously (Case 8); a not invariable 
occurrence however, since one of the two cases in 
the present series required splenectomy to 
interrupt hemolysis (Table m1, Case 27). 

Miscellaneous Diseases. Symptomatic hemoly- 
tic anemia has also been reported in ten cases of 
Boeck’s_ jin two cases of 
generalized Kaposi’s sarcoma,***® tuberculo- 
sis,!4-28-80 ovarian tumors, dermoid 
and other cysts,'*:'** in two cases each of 
Gaucher’s disease**:*7 and hemochromatosis, 
and in hepatolenticular degeneration.'** An 
additional case of Gaucher’s disease and SHA 
is cited in Table m (Case 29). Symptomatic 
hemolytic anemia with a positive antiglobulin 
test and spherocytosis has recently been reported 
in ulcerative colitis®* (Case 9, Fig. 7). 


CONDITIONS ASSOCIATED WITH HEMOPATHIC 
HEMOLYTIC ANEMIA 


The frequent existence of a hemolytic com- 
ponent in the anemias of acute and chronic 
inflammatory diseases, chronic renal and he- 
patic disease, carcinoma, and in various blood 
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dyscrasias, especially acute leukemia (Case 10), 
has been recently demonstrated by red cell 
survival studies. Unlike the symptomatic he- 
molytic anemias in which the clinical and 
hematologic findings of excessive blood destruc- 
tion are usually conspicuous, manifestations of 
hemolysis are seldom prominent in hemopathic 
hemolytic anemia. The sole evidence of in- 
creased blood destruction may be the presence 
of a moderately severe normochromic anemia, at 
times necessitating frequent transfusions (Cases 
10 and 11, Figs. 8 and 9). 

As in acquired hemolytic anemia, in which 
primary and secondary (symptomatic) types 
appear, an idiopathic variety of the hemopathic 
hemolytic anemia syndrome may occur. Three 
such patients studied by us, who were free of 
underlying disease so far as could be determined, 
exhibited anemia, unduly high transfusion 
requirements, decreased linear red cell survival, 
diminished red cell regeneration, and either no 
or minimal response to therapy with steroids or 
to splenectomy (Case 11, Figs. 8 and 9). 

Many diseases associated with increased blood 
destruction contribute to both symptomatic 
and hemopathic hemolytic anemia. Further- 
more, the clinical and laboratory features of the 
two may overlap, e.g., reticulocytosis’!:"* and 
hyperplastic marrow'** have been described in 
uremia. Nevertheless, in an individual case the 
distinction between SHA and HHA is usually 
not difficult to make on the basis of the criteria 
already described and tabulated in Table n. 


ETIOLOGY AND PATHOGENESIS 


While progress has been made in recent years 
in the detection of anti-red-cell antibodies in 
acquired hemolytic anemia by means of more 
sensitive serologic technics, the mechanism of the 
formation of these antibodies remains obscure. 
The reticuloendothelial system'®®* and lympho- 
cytes! have been implicated in the production 
of gamma globulin and of antibodies. The fre- 
quent occurrence of autoantibodies in diseases 
associated with abnormal proliferation of the 
reticuloendothelial system and lymphatic tis- 
sues, e.g., in lymphocytic leukemia, the lym- 
phomas and Hodgkin’s disease, suggests the 
possibility that autoantibodies may be derived 
from these hyperplastic tissues. The extraction of 
such antibodies in high concentration from 
lymphosarcoma tissue supports this concept. 

In the “collagen diseases’ abnormalities in 
the plasma proteins, such as hypergamma- 
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globulinemia and cryglobulinemia, frequently 
occur. These patients also show great facility in 
forming isoantibodies against specific blood 
group antigens'®’'® as well as protein com- 
ponents giving false positive tests for syphilis 
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ment possessing a molecular configuration 
akin to red cell antigens may similarly stimulate 
auto- or panantibody formation. The develop- 
ment of specific autoantibodies, '1¢~118.16 in 
addition to non-specific antibodies, in many 


(Case 6). The increased frequency of auto- cases of hemolytic anemia may also be related 
TABLE 1 
COMPARATIVE FINDINGS IN SYMPTOMATIC AND HEMOPATHIC HEMOLYTIC ANEMIA 
"Findings Hemopathic Hemolytic Anemia 
Signs of hemolysis................... Present Slight or absent 
Increased pigment turnover.......... Present Slight or absent 
Autoimmune mechanism............. Commonly demonstrable Absent 
Red cell survival....................] Exponential; (autoimmune) _| Linear; (accelerated senescence) 
Marrow erythrogenesis............... Hyperactive Normal or hypoactive 
Cause of anemia.................... Hemolysis Hemolysis plus dyserythropoiesis 
Effect of Favorable; decreased hemolysis No suspense undertying 


antibodies in these patients may be another 
facet of their disordered protein formation or 
of their increased sensitivity to antigenic 
stimulation. 

The patient’s own erythrocytes may, under 
suitable conditions, become antigenic and 
stimulate the production of autoantibodies. 
Transiently positive antiglobulin tests have been 
produced in animals by the injection of auto- 
genous erythrocytes combined with various 
adjuvants or bacterial filtrates.’*' In disease 
states such as pneumonia, infectious mono- 
nucleosis, viral hepatitis, etc., injury to the red 
cell by viruses,'*? bacteria or their products, 
tissue enzymes or drugs!® may result in a similar 
antibody response. 

Autoimmune antibodies may also arise 
through the phenomenon of cross reactivity, 
whereby antibodies formed in response to 
stimulation by a particular antigen may react 
with structurally similar proteins. Substances 
resembling human blood group antigens are 
widely distributed in nature.'** The develop- 
ment of anti-A and anti-B isoagglutinins of 
the so-called naturally occurring variety has 
been considered td be the result of exposure to 
such antigens.'** Substances in the environ- 
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to this cross reactivity. The specificity of these 
antibodies is commonly directed against factors 
within the Rh system.''? The frequent occur- 
rence of anti-E in these patients (Cases 3, 6, 9, 
11), presumably as an immune isoantibody 
response resulting from transfusions, has been 
striking, and specific anti-E, not an autoanti- 
body, was recently found in a patient with 
hemolytic anemia with no previous transfusions 
associated with non-specific autoantibody.'® 

An interesting and important phenomenon 
noted was the development of positive direct 
antiglobulin tests in several patients who had 
received many transfusions; specific isoanti- 
bodies had usually preceded the positive 
Coombs test. It is possible that with repeated 
stimulation, an antibody, initially specific, may 
lose its specificity, eventually reacting with 
all structurally related blood group antigens. 
Such an antibody would then act as an auto- 
antibody, presenting both specific and non- 
specific components. 

Although autoantibodies are common in 
symptomatic hemolytic anemia, and have been 
assumed to be responsible for the hemolytic 
process, antibody-coated red cells transfused 


into normal recipients may survive normally,® 
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implying that other mechanisms must also be 
involved. Intravascular red cell agglutination in 
hemolytic anemia has been described,'® sug- 
gesting that erythrostasis, particularly in the 
spleen, may be a factor in red cell damage and 
breakdown.'*’ Erythrophagocytosis, observed 
in the peripheral blood and in the spleen in 
cases of hemolytic anemia, is related to the 
opsonic activity of some autoantibodies, and 
may be a contributing factor in excessive 
hemolysis. '** These same antibodies may also be 
involved in spherocyte formation either by direct 
action on the red cell membrane or indirectly 
by interfering with red cell metabolism.'* 
Spherocytes, because of their morphologic 
abnormality, are especially liable to splenic 
sequestration and destruction.'®:!7° The spleen 
thus occupies a unique role in the hemolytic 
process,'7! being a source of autoantibody 
production'*’.!72 as well as an important site for 
the destruction of sensitized red cells by eryth- 
rophagocytosis,'"* or spherocyte sequestra- 
tion;'®7-!7° it must also play a major role in 
those cases in which no antibody can be demon- 
strated. Some of these latter cases may justi- 
fiably be included within the syndrome of 
hypersplenism. 

In hemopathic hemolytic anemia the red cell 
survival curve has a linear form, similar to, 
and differing only in slope, from the normal. 
This linear destruction, in the normal subject 
a function solely of the age of the cells, suggests 
that the basic pathogenetic mechanism in HHA 
can be likened to a process of accelerated aging 
under the influence of an unfavorable plasma 
or body environment. The manner in which the 
aging and destruction of erythrocytes takes place 
in normal individuals is not fully understood; 
possibly the “wearing out” of enzymatic 
activities responsible for the integrity of the red 
cell or its membrane'’®-!"6 is accelerated by the 
marked metabolic derangements found in 
uremia, carcinoma, leukemia, chronic infec- 
tion, etc. Some protective factor present in the 
plasma may also affect the linear rate of decay 
by inactivating potential tissue hemolysins.'”’ 
Variations in this inhibitory activity as a result 
of generalized metabolic aberrations associated 
with chronic diseases would tend to produce 
different rates of acceleration of linear red cell 
destruction. 

Since the normal marrow can compensate 
for about a seven-fold increase in the rate of 
blood destruction, ** it is evident that the hemoly- 


sis in HHA, rarely exceeding three times the 
normal, cannot be the sole cause of the anemia; 
an inadequate marrow response must also be a 
factor in the production of this type of anemia. 
The frequent absence of reticulocytosis and of 
erythroid hyperplasia in the marrow, as well 
as the decreased plasma iron disappearance and 
hemoglobin turnover seen in many of these 
cases (Case 11, Fig. 9), further substantiate this 
hypothesis. 

The existence of a hemolytic component 
associated with inadequate erythrogenesis in 
such a wide variety of conditions suggests that 
similar metabolic derangements deleteriously 
affecting both production and survival of red 
cells may be of general significance in chronic 
disease states. Further investigation seems 
indicated on this point. 


TREATMENT AND PROGNOSIS 


The treatment of the symptomatic hemolytic 
anemias was, in general, unsatisfactory prior to 
the introduction of the corticosteroid hormones. 
Although an occasional remission was induced 
by 
138,186 or chemotherapy, poor responses were the 
rule, egnecially in the cases of SHA 
associated with the lymphomas (Table 1m, 
Cases 1 to 21). Therapy with the steroids 
marked a significant advance in the management 
of this syndrome and particularly of those cases 
with evidence of autoimmunization.**** At 
present ACTH and cortisone are the agents of 
choice in the initial treatment of symptomatic 
hemolytic anemia. A clinical and hematologic 
improvement of variable degree may be expected 
in approximately 60 per cent of patients so 
treated, as contrasted with the 10 to 20 per cent 
response obtained with other forms of therapy. 
(Tables 1 and m1.) 

The dosage of the corticosteroids required to 
produce a remission in symptomatic hemolytic 
anemia is extremely variable and must be 
individualized (Cases 1, 2, 3 and 6). In general, 
large doses, as much as 400 mg. of cortisone or 
150 units of ACTH daily, are used initially, 
with gradual reduction to a variable minimum 
effective maintenance dose as improvement 
ensues. This varies between 125 and 12.5 mg. of 
cortisone or 25 units ACTH gel daily. Main- 
tenance therapy usually must be continued for 
the duration of the underlying disease although 
in some instances steroid. therapy may be dis- 
continued without recurrence (Case 2, Fig. 3). 
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TABLE 1 
RESULTS OF THERAPY IN SYMPTOMATIC HEMOLYTIC ANEMIA* 


Duration of 
Disease (mo.) Therapy 
Auto- 
Case Diagnosis Antibody t Comment 
Before After T Effect on 
SHA SHA Hemolysis t 
1 
M. U. | Chr. lymph. 72 36 + ACTH Good Alive—hemolysis 
leukemia Cortisone None persists 
TEM None 
Urethane None 
2 
S. S. | Chr. lymph 0 14 + None Died—hemolysis 
leukemia Splenectomy None persisted 
3 
H. S. | Chr. lymph. 12 17 + X-ray (spleen) Fair Died— infection 
leukemia Splenectomy None 
4 
M. S. | Chr. lymph. 12 34 + X-ray (nodes) Fair Died—heart disease 
leukemia 
5 
A. M. | Chr. lymph 0 12 ~ Transfusions Fair|| | Alive—hemolysis less 
leukemia 
6 
A. D. | Chr. lymph 0 29 + X-ray (spleen) None Alive—hemolysis 
ACTH Good 
7 
S. K. | Chr. lymph. 36 24 0 Cortisone Fair Died— infection 
leukemi 
8 
W. H. | Chr. lymph 0 14 - Transfusions None Died—hemolysis 
leukemia persisted 
9 
M. S. | Chr. lymph 60 12 0 TEM None Died—hepatitis 
leukemia X-ray (spleen) None 
isone Fair 
10 
M. R. | Chr. myel. 11 3 0 X-ray None Died—hemolysis 
leukemia Anti-fols None persisted 
ACTH None 
11 
J.C. | Hodgkin’s 20 10 + Cortisone None | Alive—hemolysis 
disease HN: Fair persists 
12 * 
S.J. | Hodgkin’s —5§ 6 - X-ray (spleen) | None | Died—Hodgkin’s 
disease disease 
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TABLE 111 (Continued) 
Therapy 
Auto- 
Case Diagnosis Anti- so Comment 
3 body f 
Before After T Effect on 
SHA SHA ype Hemolysis { 
13 
A. M. | Hodgkin’s —2§ 151 0 Splenectomy None Died—amyloidosis 
disease X-ray (nodes) Good 
14 
S. L. | Hodgkin’s 0 12 0 None Good|| | Alive—no hemolysis 
disease 
15 
S. G. | Hodgkin’s 0 3 0 X-ray (spleen) None Died—Hodgkin’s 
disease HN: None disease 
16 
N. B. | Hodgkin’s —12§ 29 + X-ray (nodes) None Alive—hemolysis 
disease Cortisone Good persists 
17 
A. L. | Hodgkin’s 48 12 0 Cortisone Good Died—hemorrhage 
disease HN 2 Good : 
18 
R. K. | Hodgkin’s 8 10 _ Splenectomy Good Died—Hodgkin’s 
disease disease 
19 
F. B. | Lympho- 0 4 0 Cortisone Fair Died—lymphosarcoma 
sarcoma 
20 
J. G. | Lympho- —24§ 42 Transfusions Good Died—lymphosarcoma 
sarcoma 
21 
M. T. | Lympho- —6§ 6 - Splenectomy None Died—hemolysis 
sarcoma persisted 
22 
M. L. | Follicular 0 Unknown — X-ray (spleen) None Unknown 
lymphoma 
23 
A. J. | Carcinoma 0 12 ~ Splenectomy Fair Died—hemolysis 
persisted 
24 
H. C. | Hepatitis 1 1 + Transfusions Good||_ | Alive—no hemolysis 
25 
I. G. | Cirrhosis Unknown 3 0 Splenectomy Good Alive—cirrhosis 
26 
E. D. | Infectious 0.5 0.5 + None Good|| | Alive—no hemolysis 
mononucleosis 
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TABLE 11 (Continued) 
Duration of 
Disease (mo.) Auto- Therapy 
Anti- Comment 
Diagnosis body t 
Before After T Effect on 
SHA SHA ype Hemolysis ¢ 
27 
J. R. | Infectious 0 2.5 + Cortisone None Alive—Cooley’s 
mononucleosis; Splenectomy Good anemia 
Cooley’s 
anemia 
28 
F. L. | Ulcerative 130 60 + Splenectomy Good Alive—ulcerative 
colitis colitis 
29 
G. H. | Gaucher’s Unknown 4 + None Died—hemolysis 
disease ACTH Fair persisted 
Cortisone None 


* Blood transfusions were administered in all cases. 


t Auto-antibody: + present; 0 absent; — not tested. 


t Effect on hemolysis: good—hemoglobin maintained above 11 gm. per cent; fair—hemoglobin maintained at 9-11 


gm. per cent. 


§ The hemolytic anemia preceded the detection of the underlying disease by the number of months indicated in 


these cases. 
|| Spontaneous remission. — 


Relapse with intensification of the dormant 
hemolytic process may occur at any time; 
prompt reinstitution of the corticosteroids or 
increase in dosage will usually prevent or abort 
the impending relapse. Ultimately, however, 
even large doses of ACTH or cortisone may 
prove unsuccessful in controlling hemolysis 
and other forms of therapy will be necessary. 
Recurrences are most likely when signs of auto- 
immunization persist; thus steroid hormone 
therapy should not be interrupted until some 
months after all antibodies have disappeared. 
Because of the usually prolonged period of 
corticoid therapy and the high doses frequently 
employed, precautions must be observed to 
prevent side effects. This may prove impossible if 
hemolysis is to be controlled (Case 6) and the 
— may even lead to death (Case 1, 
ig. 2). 

Cortisone, hydrocortisone and ACTH are 
each effective but cannot always be used inter- 
changeably (Case 2, Fig. 3). Steroid therapy 
should not be abandoned as unsatisfactory until 
two or preferably all three of the hormones have 
been tried. 3 
JUNE, 1955 


The mechanism by which the corticosteroids 
affect hemolysis is poorly understood. In most 
cases prolonged administration of these agents 
results in diminution of hemolytic activity with a 
decrease in concentration or complete disap- 


_ pearance of the antibodies (Case 3); antibody 


levels may also remain unchanged for some time 
despite clinical improvement (Case 6). This 
suggests either interference with autoantibody 
production or inhibition of the antigen-antibody 
reaction, the latter resulting either directly from 
the effect of the steroids on the antibody-forming 
tissue, or indirectly by an alteration in the 
patient’s abnormal sensitivity to autoantigen. 
Cortisone has also recently been shown to 
inhibit the phagocytic activity of the reticulo- 
endothelial system,'® thus perhaps suppressing 
the hemolytic mechanism responsible for the 
destruction of the antibody-sensitized red cells. 
An additional factor in producing a response in 
some cases may be an acceleration of erythro- 
genesis with more rapid delivery of young red 
cells into the peripheral blood.** The transient 
increase in reticulocytes seen at the start of 
therapy in Case 2 supports this latter suggestion. 
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If ACTH or cortisone proves to be ineffec- 
tive in symptomatic hemolytic anemia, or must 
be discontinued because of side effects, splenec- 
tomy may be attempted, particularly in those 
cases not associated with the lymphomas. Of 
seven splenectomies performed in this ‘‘miscel- 
laneous group” consisting of single cases of 
infectious mononucleosis, carcinoma, cirrhosis, 
ulcerative colitis and Gaucher’s disease, and two 
cases of disseminated lupus, satisfactory re- 
sponses were obtained in all but one case of 
lupus erythematosus (Table 1, Case 4) and one of 
Gaucher’s disease (Table 11, Case 29). In Case 9 
remission induced by splenectomy preceded the 
more gradual decrease in antibody levels. Most 
of the cases in the ‘“‘miscellaneous group” re- 
sponding to this operative procedure had sphero- 
cytosis in the peripheral blood. 

The occasional effectiveness of splenectomy in 
inducing remission in SHA associated with the 
lymphomas has also been reported. In a recent 
review of the effects of splenectomy in leukemia 
and leukosarcoma Fisher and co-workers noted 
favorable responses of one to fifty months’ 
duration in eight of eleven cases associated with 
hemolytic anemia.!*° In contrast to this, in the 
present series of five cases of chronic lymphocytic 
leukemia, Hodgkin’s disease and lymphosar- 
coma with hemolytic anemia, treated by 
splenectomy, only one showed a favorable 
response (Hodgkin’s disease, Table 111, Case 18). 

The response to radiotherapy of SHA occur- 
ring in diseases otherwise sensitive to this form of 
therapy is unsatisfactory. Remissions occurred in 
only three of ten such cases in the present series 
(Table m, Cases 3, 4, 13). Although beneficial 
effects have been reported, ‘:**:*4 less favorable 
results, with marrow depression, and even 
exacerbation of hemolysis, have also been 
noted. Cautious x-irradiation may be 
attempted in the lymphomas prior to splenec- 
tomy if the steroids prove unsuccessful in the 
treatment of SHA. 

Experience with the cytotoxic or radiomimetic 
agents, such as the nitrogen mustards and tri- 
ethylene melamine, has been limited. Satis- 
factory remissions in hemolysis induced by HN» 
occurred in two of our cases of Hodgkin’s disease 
with autoimmune hemolytic anemia after 
cortisone had been relatively ineffective (Table 
m1, Cases 11 and 17). Despite the occasional 
remission following the use of the nitrogen 
mustards, the marrow depression resulting from 
such therapy limits the usefulness of these agents. 
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Complete remission of hemolysis can be 
expected in those cases in which the inciting 
process can be surgically removed, or in which it 
runs an acute self-limited course, e.g., ovarian 
tumors, viral pneumonia, infectious mono- 
nucleosis (Case 8) and hepatitis (Case 7). 

Blood transfusions are usually necessary in 

these cases of acquired hemolytic anemia for 
their supportive and replacement value rather 
than for any specific inhibitory action on the 
hemolysis. In addition to the usual dangers 
inherent in blood transfusion, the complex 
antibody patterns that exist in some of these 
patients may pose further difficulties. Complete 
studies both of the sera and of the antibodies 
eluted from the red cells, and complete typing 
of the red cell antigens, are necessary to char- 
acterize all the antibodies, non-specific and 
specific, auto- and isoimmune, which may be 
present in such cases. Careful cross matching 
with the antiglobulin technic is essential. In the 
presence of free panantibody in the serum a 
fully compatible blood may not be found, in 
which case the least incompatible of a large 
series of cross matched specimens should be 
used. 
Spontaneous remissions lasting for varying 
periods of time, although not common, do 
occur in symptomatic hemolytic anemia.**!* 
Such responses have been seen in SHA asso- 
ciated with chronic lymphocytic leukemia, 
Hodgkin’s disease, lymphosarcoma and dis- 
seminated lupus erythematosus in the present 
series (Case 5, Table 1, Cases 5, 14, 20) (Table1, 
Case 7). During remission minimal or no sup- 
portive therapy may be necessary. 

The prognosis in symptomatic hemolytic 
anemia is most frequently determined by the 
underlying disease and only rarely by the 
accompanying hemolytic anemia. This is par- 
ticularly true in those cases responding to steroid 
therapy with subsidence of hemolysis. However, 
when steroid or other therapy is not effective the 
hemolytic anemia may introduce severe limita- 
tions in the management of the underlying 
condition. 

The treatment of the hemopathic hemolytic 
states is far less satisfactory than that of the 
symptomatic variety. In those cases in which 
hemolysis is mild, therapy may not be indicated. 
In view of the absence of any obvious immuno- 
logic mechanism in the pathogenesis of this 
syndrome, it appears theoretically unlikely that 
the corticosteroids would be of value in HHA 
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except in those cases in which the underlying 
disease may be favorably influenced, e.g., 
rheumatoid arthritis, and indeed this has been 
the experience in the present group of cases. 
Irradiation and splenectomy have also been 
relatively unsuccessful in producing remission in 
hemolysis. Blood transfusion is indicated to 
combat recurrent anemia and has proved to be 
the only satisfactory therapy for hemopathic 
hemolytic anemia. 


ILLUSTRATIVE CASE REPORTS 


Case 1. Chronic Lymphocytic Leukemia with 
Symptomatic Hemolytic Anemia—(Table m1, Case 3, 
Figs. 1 and 2): H. S., a sixty-one year old male, 
had been well until one year before admission 
when he noted generalized lymphadenopathy. 
An undetermined dosage of x-radiation to the 
axillae and groins produced shrinkage of the 
masses and general symptomatic improvement. 
He was admitted to the hospital for the first time 
one year later for recurrent lymphadenopathy 
and congestive heart failure. On examination he 
was chronically ill, pale and sub-icteric, with 
generalized lymphadenopathy, hepatomegaly 
of 2 cm., and splenomegaly of 6 cm. below the 
costal margins. Hemoglobin was 6.0 gm. per 
cent, red blood cells 2.01 million/mm.* with 
9.5 per cent reticulocytes, PRCV 20.5 per cent; 
white blood cells 19,000 to 68,000/mm.* with 
54 per cent to 65 per cent lymphocytes; platelets 
150,000/mm.* Spherocytosis was marked; the 
osmotic fragility was increased. Fecal uro- 
bilinogen excretion was 760 mg./ewenty-four 
hours. The direct Coombs test was markedly 
positive. Marrow examination revealed a lym- 
phocytosis of 40 per cent and a normoeryth- 
roblastosis of 40 per cent. An Ashby red cell 
survival study revealed rapid random destruc- 
tion with a 50 per cent survival of only 2.5 days. 
(Fig. 1.) Other laboratory findings and the 
response to treatment are indicated in Figure 2. 
After a series of blood transfusions, x-ray 
(1,000 r) was administered to the spleen, follow- 
ing which the transfusion requirement was 
markedly reduced and the spherocytosis disap- 
peared. The lymphocytosis diminished but the 
splenomegaly was unchanged. A lymph node 
biopsy during this admission was consistent 
with the diagnosis of chronic lymphocytic 
leukemia. Lymphadenopathy was still present 
and the degree of splenomegaly unchanged four 
months later. The white count was 19,200/mm.? 
and the marrow aspirate contained 43 per cent 
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erythroid cells, but despite the presence of 
methemalbuminemia and other evidences of 
hemolysis the spherocytosis had not reappeared. 
Marked general improvement, shrinkage of the 
spleen and a marked fall in fecal urobilinogen 
and serum bilirubin followed a course of 
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Fic. 1. H. S. (Case 1), a sixty-one year old man. Ashby 
red cell survival curve; chronic lymphocytic leukemia 
with symptomatic hemolytic anemia and auto-anti- 
bodies. Note the rapid random (exponential) red cell 
disappearance curve; there was a 50 per cent survival 
of transfused red cells in 2.5 days. 


intravenous ACTH. A severe hemolvtic exacer- 
bation about three months later, with recurrence 
of spherocytosis, was well controlled with 
multiple blood transfusions and large doses of 
ACTH. The fecal urobilinogen excretion re- 
mained elevated but a sustained elevation of the 
hemoglobin occurred and the reticulocytosis, 
hyperbilirubinemia and spherocytosis disap- 
peared. Serum antibody titres remained high. 
Bronchopulmonary moniliasis, probably in- 
duced by the steroid therapy, caused the 
patient’s death. 

Comment. A case in which autoimmune 
spherocytic hemolytic anemia occurred one 
year after the onset of chronic lymphocytic 
leukemia is described. The anemia and reticulo- 
cytosis improved following irradiation to the 
spleen; on two subsequent occasions there was 
marked improvement in the hemolysis following 
ACTH; however, the patient succumbed to a 
complication of the latter therapy. 

Case 2. Chronic Lymphocytic Leukemia with 


Symptomatic Hemolytic Anemia—(Table m1, Case 1, 


Fig. 3): M. U., a fifty-two year old male, had 
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been found to have lymphocytic leukemia 
seven years before hospital admission. Three 
years later he received x-ray therapy to his 
spleen and lymph nodes because of a leukocytosis 
of 200,000/mm.* During the five months prior 
to admission he was treated with cortisone, 


975 
are summarized in Figure 3. During the first 
eighteen days cortisone and blood transfusions 
proved ineffective but administration of ACTH 
was followed by stabilization of the hemoglobin 
level, a diminution in the number of transfusions 
required, decrease in the hyperbilirubinemia 
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Fic. 3. M. U. (Case 2), a fifty-two year old man. Chronic lymphocytic leukemia with symptomatic hemolytic anemia, 
auto-immunization and spherocytosis; diminution in hemolysis occurred after two courses of ACTH but cortisone 
failed to induce a response. Remissions occurred despite the persistence of a strongly positive antiglobulin reaction. 


TEM and blood transfusions because of severe 
anemia. On examination he appeared chron- 
ically ill, with moderate generalized lym- 
phadenopathy, hepatomegaly of 3 cm. and 
splenomegaly of 16 cm. below the costal margins. 
Hemoglobin was 6.1 gm. per cent, red blood 
cells 2.24 million/mm.* with 15 per cent 
reticulocytes, PRCV 31 per cent; red blood cells 
200,000/mm.* with 97 per cent lymphocytes; 
platelets 170,000/mm.? Spherocytosis, a strongly 
positive direct Coombs test, and elevated serum 
bilirubin and fecal urobilinogen were present. 
Other pertinent data and response to therapy 


JUNE, 1955 


and reticulocytosis, and general symptomatic 
improvement. He was maintained on a regimen 
of ACTH gel, 35 mg., daily until the next 
admission at 160 days when it was discontinued 
because of the development of pyoderma, 
bronchopneumonia and stomatitis. At this time 
all the manifestations of hemolysis were in 
abeyance except for the positive antiglobulin 
reaction. The improvement induced by anti- 
biotics persisted without additional therapy 
until shortly before his last admission when 
severe hemolytic anemia recurred without 
change in the degree of organ enlargement or 


. 

al 


976 
lymphocytosis. Marked improvement again 
followed therapy with ACTH. 

Comment. This case illustrates the prolonged 
leukocythemic course of chronic lymphocytic 


leukemia, and the subsequent appearance of 
severe autoimmune hemolytic anemia. Therapy 
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7,100/mm.’, platelets 163,000/mm.*, PRCV 24 
per cent. The blood film revealed polychro- 
matophilia and spherocytosis, and the osmotic 
fragility was increased. The bone marrow 
was hypercellular with marked normoblastic 
hyperplasia and an M/E ratio of 1:8. The 
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Fic. 4. N. B. (Case 3), a fifty-one year old man. Hodgkin’s disease and symptomatic hemolytic anemia with auto- 
antibody and spherocytosis; hemolytic anemia preceded the appearance of lymphadenopathy and the diagnosis of 
Hodgkin’s disease by one year. Prompt and sustained remission occurred on cortisone therapy with relapse on doses 
below 75 mg./day; increased dosage in the twenty-first month resulted in a transient reticulocytosis and increase in 
hemoglobin; antibody titers, intensity of direct Coombs reaction and spherocytosis decreased progressively. 


with cortisone was ineffective but ACTH in- 
duced partial remission on two occasions. The 
temporary disappearance of hemolysis despite 
withdrawal of steroid therapy and the con- 
tinued presence of a strongly positive direct 
antiglobulin test are also demonstrated. 

CasE 3. Hodgkin’s Disease with Symptomatic 
Anemia—(Table m, Case 16, Fig. 4): N. B., a 
fifty-one year old male, when first seen gave a 
two-month history of easy fatigue and weakness. 
On examination icterus and pallor were noted. 
Both the spleen and liver were palpable 2 cm. 
below the costal margins. There was no lym- 


phadenopathy. Hemoglobin was 7.0 gm. per 
cent, red blood count 2.3 million/mm.’, with 
18 per cent reticulocytes; white blood count 


serum bilirubin was 1.0 mg. per cent direct and 
2.8 mg. per cent indirect. The direct anti- 
globulin reaction was strongly positive. The 
fecal urobilinogen excretion was 1,730 mg./ 
twenty-four hours. X-rays of the chest and 
gastrointestinal tract were negative. The diag- 

nosis of acquired hemolytic anemia, probably — 
idiopathic, was made. Since the hemoglobin 
level remained below 8.5 gm. per cent despite 
3000. ‘cc. blood transfusions in three weeks, 
cortisone therapy was started. An excellent 
remission was obtained and after one month the 
hemoglobin was 13.8 gm. per cent, reticulocytes 
2.4 per cent and serum bilirubin 0.8 mg. per 
cent. Spherocytosis persisted but the direct 
Coombs test gradually became weaker. Ap- 
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proximately one year after the onset an enlarged 
left anterior cervical lymph node was noted for 
the first time, revealing Hodgkin’s disease on 
biopsy; radiotherapy was administered to the 
neck and axilla with no further evidence of 
recurrence. For the past thirty months satis- 
factory remission has been maintained with 75 
to 100 mg. of cortisone daily, dosages below this 
level resulting in partial relapse. The direct 
antiglobulin test has become progressively 
weaker and finally negative, and spherocytosis 
has decreased. 

Comment. A case of symptomatic hemolytic 
anemia of autoimmune spherocytic type, 
secondary to Hodgkin’s disease, is described. The 
onset mimicked idiopathic acquired hemolytic 
anemia, the underlying disease 
obscure for a period of one year. Even after the 
primary diagnosis was made the hemolytic 
process continued to dominate the clinical 
picture. The excellent response of the hemolytic 
anemia to prolonged cortisone administration is 
shown. Improvement was paralleled by decrease 
in antiglobulin reaction in this case. 

CasE 4. Hodgkin’s Disease with Symptomatic 
Hemolytic Anemia—(Table m, Case 13, Fig. 5): 
A. M., a thirty-five year ald female, was first 
admitted with a history of marked weakness of 
one week’s duration and displayed icterus, pallor 
and numerous retinal hemorrhages. No signif- 
icant lymphadenopathy or organ enlargement 
was noted. Laboratory findings disclosed a 
hemoglobin of 4.1 gm. per cent, red blood cells 
1.12 million/mm.* with 53 per cent reticulo- 
cytes, white blood cells 13,050/mm.* with a 
normal differential count, and 9 normoblasts/ 
100 white blood cells. Marked spherocytosis and 
moderate increase in osmotic fragility of the 
red cells were present. The icterus index 
(acetone method) was 17. 

Splenectomy performed seventeen days subse- 
quent to admission resulted in no hematologic or 
clinical improvement. Pathologic examination 
of the organ revealed “active hyperemia com- 
patible with hemolytic icterus.”” No evidence of 
Hodgkin’s disease was present. One month post- 
operatively fever and pleuritic pain appeared, 
and dulness and a friction rub were noted over 
the right lower lobe. Roentgenographic exami- 
nation revealed enlargement of the tracheo- 
bronchial lymph nodes at the root of the right 
lung and a right pleural effusion. X-irradiation 
of the mediastinum resulted in clinical and 
hematologic remission, with prompt disappear- 
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ance of fever, marked diminution in sphero- 
cytosis and reticulocytosis, and rise in hemo- 
globin. (Fig. 5.) A repeat chest film disclosed 
distinct shrinkage of the lymph nodes. 

She remained well for over four years, at 
which time malaise and cervical 
lymph nodes reappeared, with recurrence of the 
hemolytic anemia. A_ supraclavicular node 
biopsy revealed Hodgkin’s disease. X-ray therapy 
again caused dramatic remission in the hemoly- 
sis and in the underlying disease, and this 
favorable response persisted for four more years. 
Progressive enlargement of the cervical lymph 
nodes then reappeared. Spherocytosis and 
increased osmotic fragility were now absent for 
the first time. (This hospital admission is not 
depicted in Figure 5.) Another course of x-ray 
therapy again effected a remission for four years, 
followed by the reappearance of cervical and 
axillary adenopathy. Radiation was now fol- 
lowed by azotemia and severe unremitting non- 
bloody diarrhea; she died one month later. 
Autopsy revealed Hodgkin’s disease involving 
the lungs and the thoracic and retroperitoneal 
lymph nodes. Amyloidosis of the small intestine 
accounted for the diarrhea. 

Comment. ‘This is a case of Hodgkin’s disease 
followed for twelve years, in which symptomatic 
hemolytic anemia was present for over five 
years and was unaffected by splenectomy. The 
degree of hemolysis varied directly over most of 
the course with the activity of the Hodgkin’s 
disease, dramatically responding to x-ray ther- 
apy. Note that during the terminal azotemic 
period evidences of hemolysis and of red cell 
regeneration were lacking. 

Case 5. Reticulum Cell Sarcoma with Sympto- 
matic Hemolytic Anemia—(Table m, Case 20): 
J. G., a fifty-one year old mechanic, was first 
observed with complaints of weakness, anorexia 
and fever. There was moderate generalized 
lymphadenopathy but neither liver nor spleen 
was palpable. Hemoglobin was 5.1 gm. per cent, 
red blood cells 1.60 million/mm.’ with 15 per 
cent reticulocytes; white blood cells 8,100/mm.* 
with a slight polynucleosis and monocytosis; 
platelets 220,000/mm.* Osmotic fragility was 
normal. Examination of the marrow revealed 
72 per cent normoerythroblasts but no other 
abnormalities. Biopsy of an axillary and an 
inguinal lymph node revealed only chronic 
lymphadenitis. The heterophile agglutination 
test was negative. Serum bilirubin was 1.1 mg. 


per cent, fecal urobilinogen excretion was 
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510 mg. in twenty-four hours. Two blood 
transfusions were administered and _ shortly 
thereafter the patient appeared to go into 
spontaneous remission. At the time the hemo- 
globin was 11.6 gm. per cent; the marrow 
showed a normal percentage of erythroid cells 
but the lymphocytes had risen to 20.8 per cent. 
During the next two years the patient was 
free of complaints but slight lymphadenopathy 
and lymphocytosis persisted. At the end of this 
period he noted weakness, herpes zoster and 
progressive abdominal enlargement, and was 
found to have generalized lymphadenopathy 
and massive ascites. On abdominal paracentesis 
7,000 cc. of turbid fluid were obtained which 
revealed large malignant mitotic mononuclear 
cells diagnosed as typical of reticulum cell 
lymphosarcoma. X-ray examination of the 
gastrointestinal tract revealed marked abnor- 
malities interpreted as lymphosarcomatosis of 
the small intestine. He failed to respond to 
therapy and expired without additional signs 
of hemolytic anemia. 

Comment. A spontaneous remission occurred 
in this case of symptomatic hemolytic anemia 
secondary to reticulum cell sarcoma. Definite 
evidence of the underlying disease was not ob- 
tained until two years after the onset of the 
hemolytic anemia. 

6. Disseminated Lupus Erythematosus 
with Symptomatic Hemolytic Anemia—(Table 1, 
Case 2, Fig. 6): R. K., a twelve year old female, 
developed severe anemia with a hemoglobin of 
4.2 gm. per cent, jaundice and fever, one year 
prior to admission. Five blood transfusions were 
given and she was maintained on cortisone 
therapy for ten months. On admission a high 
fever, “‘butterfly” rash and palpable spleen were 
noted. Hemoglobin was 8.0 gm. per cent, 
red blood cells 1.6 million/mm.? with 2 per cent 
reticulocytes; white blood cells 3,500/mm.? 
There were 8 normoblasts per hundred white 
cells. Shortly thereafter the hemoglobin fell to 
6 gm. per cent, the reticulocytes rose to 13 per 
cent, and spherocytosis and increased osmotic 
and mechanical fragilities of the red cells were 
noted. The erythrocyte sedimentation rate was 
100 mm./hour. The fecal urobilinogen excre- 
tion was 804 mg./day but the serum bilirubin 
was only 0.5 mg. per cent. Bone marrow was 
hypercellular with 72 per cent erythropoietic 
cells. The direct antiglobulin reaction was 3+ 
and antibodies could be demonstrated in the 
serum. False positive serologic tests for syphilis 
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were obtained. The L.E. cell test was positive. 
A remission in the hemolytic process, with a rise 
in hemoglobin, decrease in reticulocytes and 
disappearance of spherocytes, as well as improve- 
ment in the general clinical status, was obtained 
with intravenous ACTH therapy. This was 
maintained with oral cortisone, despite the 
fact that no significant change in the direct 
antiglobulin reaction or in antibody levels 
occurred. (Fig. 6.) During the succeeding three 
years she had several exacerbations of her 
disease, with high fever, recurrence of rash and 
renal insufficiency. Relapses with partial exacer- 
bation of the hemolytic anemia occurred during 
attempts to decrease cortisone dosage, which 
had to be increased as much as 400 mg. per 
day for brief periods to re-establish remission. 
Myopathy and fluid retention developed during 
the course of cortisone therapy, limiting the 
dosage to suboptimal levels. 

Comment. A case of autoimmune symptomatic 
hemolytic anemia in disseminated lupus ery- 
thematosus. Both the hemolytic process and the 
primary disease have responded well to ACTH 
and cortisone, despite absence of significant 
changes in antibody titers, but reductions 
in dosage necessitated by side effects have 
resulted in relapses. 

CaseE 7. Homologous Serum Hepatitis with 
Symptomatic Hemolytic Anemia and Serum Hemolysins 
—(Table m, Case 24): H. C., a twenty-eight 
year old male, developed homologous serum 
hepatitis about three months after having 
received an injection of human serum. This 
was manifested clinically by fatigue, dark urine, 
light colored stools and jaundice. Examination 
on the twenty-seventh day of illness revealed 
marked pallor, moderate icterus and hepato- 
splenomegaly of 4 cm. below the costal margins. 

Examination after three blood transfusions 
revealed a hemoglobin of 9.5 gm. per cent red 
blood cells 2.1 million/mm.’, reticulocytes 11 per 
cent, PRCV 23 per cent; platelets 400,000/ 
mm.*; non-segmented neutrophils 7 per cent, 
segmented neutrophils 59 per cent, lymphocytes 
22 per cent, monocytes 11 per cent, eosinophils 
1 per cent. Polychromatophilia, macrocytosis 
and target cells were seen, but spherocytes were 
absent. The bone marrow was hypercellular, 
with an M/E ratio of 0.6. Osmotic fragility 
studies revealed increased resistance in keeping 
with the presence of target cells, presumably 
secondary to liver damage. The urinary urobilin- 
ogen excretion was markedly increased to 15.2 
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mg./twenty-four hours and the fecal urobilino- 
gen to 810 mg./twenty-four hours. Other labora- 
tory data included a serum bilirubin of 3.4 mg. 
per cent, albumin 4.0 gm. per cent, globulin 
2.2 gm. per cent, alkaline phosphatase 22 
King-Armstrong units, cephalin flocculation+. 
Serologic studies revealed the presence of an 
hemolysin active at 37°c., in the presence of 
guinea pig complement, to a titer of 1:2048. 
Donath-Landsteiner and acid hemolysis tests 
were negative. The cold agglutinin titer was 1:8. 

On a supportive regimen there was marked 
improvement over the next few weeks, with 
clearing of icterus and pallor, decrease in liver 
and spleen size, rise in hemoglobin to 13.4 gm. 
per cent, fall in reticulocytes to 1.2 per cent, a 
normal urinary and fecal urobilinogen excertion 
and disappearance of the circulating hemolysin. 

Comment. A case of symptomatic hemolytic 
anemia occurring in the course of homologous 
serum hepatitis is described. The process was 
self-limited and associated with a serum hemoly- 
sin whose titer paralleled the hemolytic process, 
finally disappearing after almost a month of 
illness. 

Case 8. Infectious Mononucleosis with Sympto- 
matic Hemolytic Anemia—(Table 1, Case 26): 
E. D., a twenty-two year old male, developed 
infectious mononucleosis with typical cytologic 
changes in the blood and a heterophil antibody 
titer of 1:3584. His hemoglobin at the onset was 
15 gm. per cent. On the twelfth day of illness 
pallor, icterus, hepatomegaly and, later, spleno- 
megaly developed, and the hemaglobin fell to 
8.7 gm. per cent on the fifteenth day, with a 
reticulocytosis of 9.2 per cent. The bone marrow 
revealed increased erythropoiesis (M/E-0.66). 
The icterus index was 39 (acetone method) and 
the fecal urobilinogen excretion 155 mg./twenty- 
four hours. Cold agglutinins were present in a 
titer of 1:64 but the direct antiglobulin test was 
negative. The hemolytic process was self- 
limited with beginning improvement on the 
seventeenth day of illness. 

CasE 9. Ulcerative Colitis with Symptomatic 
Hemolytic Anemia—(Table m1, Case 28, Fig. 7): 
F. L., a forty-four year old woman, developed 
ulcerative colitis at the age of twenty-seven. 
Four blood transfusions were administered dur- 
ing the next eleven years for exacerbations of her 
disease, with anemia. At the age of thirty-eight, 
during a quiescent phase of her colitis, she was 
admitted to the hospital with thrombophlebitis. 
On examination she was acutely ill, pale and 
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2 cm. below the costal margin. There were 
signs of a thrombophlebitis in her left calf. 
Laboratory studies revealed a hemoglobin of 
6.0 gm. per cent, PRCV 18 per cent, red blood 
cells 1.65 million/mm.* with 72 per cent 
reticulocytes; white blood cells 12,000/mm.' 
platelets 254,000/mm.* The differential count 
revealed segmented neutrophils 65 per cent, 
non-segmented neutrophils 17 per cent, lympho- 
cytes 13 per cent, monocytes 2 per cent, myelo- 
cytes 3 per cent, nucleated red blood cells 
130/100 white blood cells. Spherocytosis was 
marked and the osmotic fragility was greatly 
increased. The bone marrow was hypercellular, 
with marked erythroid hyperplasia. The indirect 
serum bilirubin was 2.7 mg. per cent. Serologic 
studies revealed the presence of a panantibody 


‘and anti-E, the latter possibly the result of 


previous transfusions. The cold agglutinin titer 
was 1:8 and the direct antiglobulin reaction 4+. 
Since the hemoglobin remained persistently 
low despite frequent transfusions, a splenectomy 
was performed during the third hospital 
week. The spleen weighed 450 gm. and showed 
only “‘active hyperemia.” She was discharged 
six weeks later with a hemoglobin level of 10.1 
gm. per cent, 10 per cent reticulocytes, a normal 
serum bilirubin, and a fecal urobilinogen excre- 
tion of 246 mg./twenty-four hours. Since then 
the hemolytic process has remained in sustained 
remission, with a hemoglobin of 12 to 13 gm. per 
cent, despite several exacerbations of colitis and 
an episode of hepatitis. Spherocytosis has disap- 
peared but serum antibodies persist and the 
antiglobulin test remains positive five years after 
splenectomy. 

Comment. A patient with ulcerative colitis 
and autoimmune symptomatic hemolytic anemia 
experienced sustained remission following sple- 
nectomy despite recurrent exacerbations of the 
primary disease. There has been a more gradual 
and as yet incomplete disappearance of the 
autoantibody. 

Case 19. Acute Myeloblastic Leukemia with 
Hemopathic Hemolytic Anemia. M. G., a twenty- 
seven year old housewife, had noted weight 
loss and purpura for four months preceding 
admission. Pallor, purpura, gingival hyperplasia 
and slight splenomegaly were noted on examina- 
tion. The hemoglobin was 6.4 gm. per cent red 
blood cells 1.78 million/mm.* with 0.6 per 
cent reticulocytes; platelets 40,000/mm.*; white 
blood cells 12,400/mm.* of which 41 per cent 
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were myeloblasts. The morphology of the eryth- 
rocytes was normal. The direct antiglobulin 
test was negative. The marrow revealed 66 per 
cent myeloblasts and only 3 per cent normo- 
blasts. Survival studies by the differential 
agglutination technic using group O cells in the 
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transfused erythrocytes and the marked defi- 
ciency in erythropoiesis present in this case have 
been noted by us in three other cases of myelo- 
blastic leukemia studied in the same fashion. 
These findings seem to indicate that the 
hemolytic anemia in some cases of acute 
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Fic. 7. F. L. (Case 9), a forty-four year old woman. Ulcerative colitis and symptomatic hemolytic anemia with auto- 
antibody and spherocytosis. Note the excellent and sustained response to splenectomy with disappearance of sphero- 
cytes and the more gradual and, as yet incomplete, disappearance of auto-antibody. 


group A recipient indicated both accelerated 
linear destruction (50 per cent survival, twenty 
days) and decreased production of red cells. 
The hemoglobin level could not be maintained 
without frequent blood transfusions. An ex- 
change transfusion with 6,500 cc. did not alter 
the hemolysis. During the next forty-one days she 


was given a transfusion with 24,000 cc. of 


blood, 8,000 cc. of which were used for another 
exchange transfusion. Despite the massive 


transfusions, the hemoglobin level averaged 


about 6 gm. per cent. 
Comment. 


The rapid linear disappearance of 


leukemia is of the hemopathic hemolytic 
variety. 

Case 11. Hemopathic Hemolytic Anemia, Et- 
ology Unknown—(Figs. 8 and 9): J. B., a sixty-one 
year old male, was admitted to the hospital with 
the chief complaint of weakness. Fourteen 
months previously while hospitalized elsewhere 
for cholecystectomy, hepatosplenomegaly and 
anemia of 10 to 11 gm. per cent had been noted. 
In the intervening year he had been treated 
with transfusions, vitamin By, liver and folic 
acid, without avail. The bone marrow had been 
normal in appearance on repeated examination 
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during this period. Physical examination on 
admission was unremarkable except for pallor 
and hepatosplenomegaly of 3 to 4 cm. below the 
costal margins. Laboratory findings were as 
follows: hemoglobin 7.4 gm. per cent, red blood 
cells 2.2 million/mm.* with less than 1 per cent 
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Fic. 9. J. B. (Case 11). Note increased hemolysis as 
shown by accelerated linear red cell destruction (50 per 
cent survival in twenty-seven days), impaired eryth- 
ropoiesis with decreased red blood cell radio-iron 
utilization of 25 per cent (normal 75 per cent or over), 
and prolonged half-time of disappearance of Fe®* from 
the plasma (normal 90—120 minutes). 


reticulocytes, PRCV 22 per cent, white blood 
cells 5,100/mm.* with a normal differential 
count, and platelets 44,000/mm.* Except for a 
slight macrocytosis, no abnormalities were noted 
in erythrocyte morphology and the osmotic 
and mechanical fragilities of the red cells were 
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normal. Alkali-resistant hemoglobin was less 
than 1 per cent, the serum iron was 170 gamma 
per cent and free acid was present in the gastric 
juice. The direct antiglobulin test was negative, 
as were tests for cold, warm and acid hemolysins, 
but anti-E and anti-Kell antibodies were present. 
Fecal urobilinogen excretion was repeatedly 
found to be elevated from 500 to 750 mg./ 
twenty-four hours, although the serum bilirubin 
was normal. An axillary node biopsy revealed 
*“‘acute and chronic lymphadenitis.” 

Red cell survival studies utilizing the Ashby 
technic revealed moderately accelerated linear 
hemolysis (50 per cent survival in twenty-seven 
days). (Fig. 9.) However, repeated marrow 
examinations revealed no erythroid hyperplasia. 
The inadequate marrow response to the hemo- 
lytic process was further demonstrated by the 
impaired utilization of Fe*’, and the prolonged 
plasma radioiron disappearance time. (Fig. 
9.) A course of cortisone therapy for one month 
failed to improve the hematologic picture al- 
though transient reticulocytosis occurred; sple- 
nectomy was finally performed. The spleen 
showed “‘acute and chronic hyperplastic splen- 
itis.” Following splenectomy the intensity 
of hemolysis lessened slightly and the pa- 
tient’s transfusion requirements have decreased. 
(Fig. 8.) 

Comment. A case of refractory anemia of 
unknown etiology is described. A hemolytic 
component, with accelerated linear destruction 
of the erythrocytes was present, unaccompanied 
by significant marrow response. The prolonged 
half-time of Fe*®* disappearance from the plasma 
and the diminished red cell utilization of radio- 
iron are indicative of impaired erythropoiesis. 


SUMMARY AND CONCLUSIONS 


The acquired hemolytic anemias associated 
with underlying disease states may be divided 
into two groups, (1) symptomatic hemolytic 
anemia and (2) hemopathic hemolytic anemia. 

The two syndromes are discussed and differ- 
entiated on the basis of clinical and laboratory 
findings, etiology and pathogenesis, therapy and 
prognosis. The diseases associated with each 
type of acquired hemolytic anemia are described. 
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Hemoglobinuria’* 


Tuomas HALE Haws, 
Cleveland, Ohio 


EMOGLOBINURIA is the term used to 
H. designate the appearance of the free 
pigment, hemoglobin, in the urine as a 
result of hemolysis of red cells. Normally, 
hemoglobin does not appear free in the plasma 
or urine. The hemolysis can occur in the urine or 
in the blood stream with release of hemoglobin 
into the plasma and subsequent excretion by the 
kidney. Hemoglobinuria is not a disease but a 
clinical sign that may result from a wide variety 
of pathologic mechanisms and diseases.!':*-'* 
Although rare, the occurrence of hemoglobinuria 
is usually serious because the diseases associated 
with it are potentially dangerous to the patient’s 
life, as exemplified by severe disease of the 
kidney,**-** hemolytic transfusion reactions*—!° 
and severe hemolytic anemia.”* There are 
exceptions to the dangerous prognosis, however, 
as observed in the benign hemoglobinuria that 
may follow immediately after the running of 
long distances by trained athletes. 

It is the remarkable color of the pigment that 
brings hemoglobinuria to the attention of the 
patient and physician since the urine may vary 
from light pink to the black of “black water.” 
Fortunately, there are screening methods for 
distinguishing hemoglobin from other pigments, 
for its determination in urine and plasma and for 
the detection of intravascular hemolysis, of 
certain antibodies in the serum, and of ab- 
normalities of the red cells. Presented with the 
sign of hemoglobinuria, therefore, the physician 
can expect in most instances to classify the kind 
of process that has produced the hemolysis and 
in some instances to make a detailed diagnosis. 
The reader is referred to the excellent review by 
Ross.® 


METABOLISM AND EXCRETION OF HEMOGLOBIN 


Events Following Intravascular Hemolysis with 
Hemoglobinemia. Normally, there is no hemo- 
globin free in the plasma. However, following 
the hemolysis of red cells in the blood stream 


with liberation of hemoglobin into the plasma to 
produce hemoglobinemia, there is a regular 
sequence of events.':® (Table 1.) The level of free 
hemoglobin may vary from a trace that cannot 
be detected by the eye, such as 10 mg./100 ml. 
of plasma, to gross hemolysis with a deep red 
color and a concentration of hemoglobin of from 
200 mg. to 1000 mg./100 ml. When hemoglobin 
solutions have been injected into normal human 
subjects the plasma hemoglobin has been shown 
to decrease progressively by three known 
mechanisms: (1) Hemoglobin is excreted by the 
kidney'* so that from 10 per cent to approxi- 
mately one-third of injected hemoglobin can be 
recovered as such in the urine, depending on the 
level of the plasma hemoglobin.':?! (2) The 
hemoglobin is converted to bilirubinglobin?! 
so that the bilirubin level may be increased 
by an increment of 0.4 to 0.5 mg./100 ml. when 
the plasma hemoglobin has been elevated from 
none to 150 to 230 mg./100 ml. (3) Fairley”® 
has shown that some of the heme of the plasma 
hemoglobin is combined with albumin to form 
methemalbumin, a pigment which gives the 
plasma a golden to brown color, depending on 
its concentration. This pigment does not give the 
reactions of bilirubin and can be detected as a 
heme pigment.f Although methemalbumin may 
not be excreted as such by the kidney it 
is postulated that it may be secreted like 
albumin, with slow passage through the glo- 
merulus and subsequent liberation of iron from 
the heme molecule by the tubules to form hemo- 
siderin. Crosby! found that approximately half 
of the plasma hemoglobin cleared in two hours 
whereas half of the plasma methemalbumin 
required as much as six hours to be cleared. 
Methemalbumin may persist for several days in 
small amounts in the plasma after an episode of 
severe hemoglobinemia.*:”° 

Hemoglobin is excreted in the urine in the 
normal subject when the plasma level exceeds 


t See Methods in the Appendix. 


* From the Department of Medicine, School of Medicine of Western Reserve University and University Hospitals, 
Cleveland, Ohio. Research in this report was aided in part by a grant from the Public Health Service. 
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approximately 100 mg./100 ml. and the rate of 
clearance of the plasma increases with the level of 
plasma hemoglobin, as shown in Figure 1, from 
Gilligan, Altschule and Katersky.?! The ability 
of patients with anemia to metabolize a slowly 
increasing amount of plasma hemoglobin was 
studied by Shen?’ as a hemoglobin-tolerance 
test. The urine may contain no hemoglobin in 
instances of low concentrations of plasma 
hemoglobin or may contain large amounts when 
héemoglobinemia is marked, so that the. urine 
appears pink, brown, red or black. In ani- 
mals??:25 and man! ?!:7! subject to chronic 
hemoglobinuria, hemoglobin is excreted at a 
plasma level that is well below 100 mg./100 ml. 

Whenever hemoglobin is passed by the glo- 
merulus the renal tubules apparently take up 
some of the hemoglobin!:?* and convert the iron 
to a colloid sol of ferric iron recognized as 
hemosiderin.'? Thus hemosiderinuria®* is a sign 
of hemoglobinuria or of methemalbuminemia 
even in the absence of hemoglobin from the 
urine. Crosby and Dameshek"* have shown that 
hemosiderinuria is a regular accompaniment 
of low levels of hemochromogens in the plasma. 
Only microscopic amounts were usually found in 
the urine of patients with plasma hemoglobin 
values of less than 20 mg./100 ml. There was 
usually an appreciable increase (macroscopic 
Prussian blue reaction*) in the urine sediment 
when the hemoglobinemia was above 40 
mg./100 ml. 

Extravascular Hemolysis. ‘The contrast in clini- 
cal signs between intravascular and extra- 
vascular hemolysis of red cells is striking, as out- 
lined in Table 1. In extravascular hemolysis the 
hemoglobin molecule does not enter the circula- 
tion and there is no hemoglobinemia and no 
hemoglobinuria. The iron is separated from the 
heme, and the porphyrin ring is opened to form 
bilirubin which is transported in the plasma in 
the form of bilirubinglobin.' This is not excreted 
by the kidney so that bilirubin does not appear in 
the urine. Bilirubin is excreted by the normal 
liver where it is converted to derivatives that 
include urobilinogen and urobilin. With normal 
liver function it is remarkable that the total 
bilirubin in the plasma may reach a level as high 
as 15 mg./100 ml. without bilirubin appearing 
in the urine. This is acholuric jaundice in which 
the stool may contain more than five times the 
normal amount of bilirubin derivatives. 

Myohemoglobinuria. Myohemoglobin, or myo- 

* See Methods in the Appendix. 
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globin, is a respiratory protein of muscle that 
constitutes about one fourth of the total hemo- 
globin of the body and has properties similar 
to those of blood hemoglobin. Myohemoglobin 
has a molecular weight of 17,500 and contains 
only one atom of iron per molecule, as contrasted 
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Rote of Decreose of Plasma Hemoglobin 
m@gm.per hr. per 100c.c. of plosme. 
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Fic. 1. Average rate of decrease of the hemoglobin 
concentration of the plasma at varying levels of plasma 
hemoglobin following intravenous injections of hemo- 
globin solution (Gilligan, Altschule and Katersky*'). 


with blood hemoglobin which has a molecular 
weight of 68,000 and four atoms of iron per 
molecule. These two forms are distinguished 
spectroscopically but both give reactions with 
guaiac and benzidine since they both contain 
heme.®:*!6 Rarely, myohemoglobinuria occurs 
from muscle ischemia or necrosis*:'* following 
the crush syndrome; from poisoning,'* or from 
spontaneous changes in the muscles. The urine 
may simulate that of hemoglobinuria but there 
is no increase in pigment in the plasma and no 
increase in bilirubin, apparently because of rapid 
excretion. 

Renal Lesion in Hemoglobinuria and Myohemo- 
globinuria. Some patients with hemoglobinuria 
or myohemoglobinuria may develop oliguria or 
anuria and azotemia terminating in death.*:'**! 
Lower nephron nephrosis may be produced, a 
lesion from which the kidney can recover if the 
patient is treated adequately during the period 
of oliguria by limitation of fluids, control of 
electrolytes and in some instances if use is made 
of the artificial kidney.** The syndrome appears 
to be identical in cases of either hemoglobinuria 
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TABLE I 
CONTRASTING CLINICAL SIGNS RESULTING ENTIRELY FROM THE SITE OF HEMOLYSIS OF RED CELLS IN THE 
BODY WHICH AFFECTS THE SUBSEQUENT METABOLISM AND EXCRETION OF HEMOGLOBIN AND ITS 


DERIVATIVES 
Hemolysis in Urine Intravascular Hemolysis Extravascular Hemolysis 
Metabolism (When red cells hemolyze | (Hemolysis of red cells in the | (Hemolysis probably occurs 
and Excretion of in the urine in the urinary blood stream releases free in the reticulo-endothelial 


Hemoglobin Itself 
and of the Pigments 


tract hemoglobinuria occurs 
without free hemoglobin in 


hemoglobin into the plasma. 
Hemoglobinemia results in 


cells resulting in the conver- 
sion of hemoglobin to bili- 


Derived from the plasma and without in- | abnormal pigments appear- | rubin. This appears in the 
Hemoglobin crease in bilirubin or its ing in the plasma and urine, | plasma as bilirubin-globin 
derivatives. ) including hemoglobinuria.) and may be increased in 
amount to give acholuric 
jaundice.) 
Plasma or serum * (No abnormalities) (Hemoglobinemia is the (Increased production of 
primary defect) bilirubin may give ictcrus) 
H inemia O Trace to 4+ (trace to deep O 
(free hemoglobin) red); 10 mg to 1000 mg/ 
100 ml 
Methemalbumin O Trace to 4+ (trace to O 
brown) 
Bilirubinglobin Nt N to 2+ N to 3+ (normal to dark 
yellow) 
“Direct” bilirubin N N N 
Urine * (Variable hematuria and | (Hemoglobinuria is variable, (No hemoglobinuria, 
hemoglobinuria) hemosiderinuria is regular) no hemosiderinuria) 
Hematuria O to 4+ (some or all the O O 
red cells may be hemolyzed) 
Hemoglobinuria (free | Trace to 4+ (trace to dark | O to 4+ (normal to black) O 
hemoglobin) red) 
Hemosiderin O Trace to 4+ (sediment) O 
Bilirubin O O O 
Urobilinogens N N N to + 
Urobilin N N N to + (normal to dark 
amber) 
Porphyrins N N N 
Stool * 
Urobilin and N N to 2+ + to 4+ 
urobilinogen 
Clinical examples Hematuria from any cause Hemolytic transfusion re-| Hereditary defects: heredi- 


with hemolysis of some or all 
the red cells in the urinary 
tract. Lower nephron nephro- 
sis with hematuria and low 
specific gravity of the urine 
(1.007 or less) may occur. 


actions, paroxysmal hemo- 
globinurias (PCH, PNH), 
thermal or chemical injury to 
red cells. 

Acquired hemolytic ane- 
mia; occasional patients may 
have hemoglobinemia and 
hemoglobinuria. 

Occasionally, patients with 
sickle cell anemia and thalas- 
semia major have slight hemo- 
globinemia and hemosider- 
inuria. '® 


tary spherocytosis, thalas- 
semia major, sickle cell ane- 
mia, sickle cell-hemoglobin 
C, sickle cell-thalassemia trait. 

Acquired hemolytic ane- 
mia; most patients do not have 
hemoglobinemia or hemo- 
globinuria. 


* Statements concerning the quantitative excretion of bilirubin pigments are based on the assumption that the 


liver function is normal, 
t N = normal. 
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or myohemoglobinuria.'* The mechanism of the 
renal lesion is not known but, as discussed by 
Smith,** it is probable that shock, low urine ex- 
cretion and high levels of hemoglobinemia*®:*? 
are factors predisposing to the development of 
lower nephron nephrosis. Proteinuria is a 
regular accompaniment of hemoglobinuria but 
only during the period of excretion of the hemo- 
globin. It is remarkable, however, that many 
patients have hemoglobinuria that may be 
acute or chronic, mild or severe, without develop- 
ing lower nephron nephrosis.**:*4 In patients 
with paroxysmal nocturnal hemoglobinuria the 
patient excretes hemosiderin continuously and 
may have hemoglobinuria that varies from 
slight to “‘black water,” with as much as 20 gm. 
of hemoglobin excreted in twenty-four hours. 
This occurs without renal failure. 


DETECTION AND DIFFERENTIATION OF PIGMENTS 


Hemoglobin. Hemoglobin in the urine may 
appear pink to red as oxyhemoglobin, brown as 
methemoglobin and black as reduced hemo- 
globin in large amount. However, all these forms 
react with guaiac and benzidine since each 
contains the heme molecule which consists of 
iron combined with a porphyrin ring.’ The 
different forms of hemoglobin can be distin- 
guished spectroscopically by the position of the 
alpha band®-’ or by the photoelectric colorimeter 
method of Evelyn and Malloy.'*® A fresh urine 
sample should be examined to exclude hema- 
turia and to determine that the specific gravity 
is high enough to prevent osmotie rupture of red 
cells. Other pyrrol pigments without iron do not 
react with guaiac or benzidine.* Those appearing 
in the urine include bilirubin; the derivatives 
of bilirubin, urobilinogen and urobilin; porpho- 
bilinogen and the porphyrins. In intravascular 
hemolysis bilirubin is not excreted into the urine. 
In liver disease bilirubin is excreted in the urine 
to which it may impart a brown or black color. 
This is detected readily and specifically in urine 
by the Harrison spot test.® 

Urobilinogen and Urobilin. These are formed 
from bilirubin in the bowel and consist of four 
pyrrol nuclei derived from the opened ring of 
the protoporphyrin of hemoglobin. In hemolytic 
anemia these forms are markedly increased in 
amount in the stool but may be normal in 
amount in the urine unless the liver function is 
impaired. Urobilinogen is a colorless precursor of 


urobilin and reacts with Ehrlich’s aldehyde 


reagent. Urobilin and stercobilin are the oxi- 
dized forms of urobilinogen and contribute 


june, 1955 


to the yellow or amber color of urine. The uro- 
bilins are remarkably non-reactive, give a green 
fluorescence with alcholic zinc acetate, and 
may be reduced to the urobilinogen form for 
measurement. 

Porphyrins, Porphobilinogen and Porphobilin.** 
Abnormal reddish color in the urine frequently is 
suspected to be due to porphyrins but porphy- 
ria is rare. The porphyrins are rings containing 
four pyrrol nuclei, are pink to red when present 
in large concentrations, but rarely appear in the 
urine in high enough concentration to give it 
color. The porphyrin ring of hemoglobin is not 
excreted as such but is converted to bilirubin. 
The porphyrins are identified by extraction and 
spectroscopic analysis. Porphobilinogen is not a 
porphyrin, does not occur with hemoglobinuria 
or myohemoglobinuria, but does appear in 
variable amounts in the acute episodes of certain 
of the porphyrias. Porphobilinogen is a colorless 
monopyrrol which reacts with Ehrlich’s aldehyde 
reagent and is distinguished from urobilinogen 
aldehyde, which is soluble in chloroform, 
whereas porphobilinogen aldehyde is not. 
Porphobilinogen condenses in the urine to 
chains of four or more pyrrol rings, forming the 
pigment porphobilin which is not a porphyrin 
but a compound resembling urobilin. Por- 
phobilin may be formed in the urinary tract or 
on standing in acid urine and, depending on the 
concentration, may appear pink, red, brown or 
black. Porphobilin, which may be confused 
with the heme pigments, is remarkably non- 
reactive, does not give color with benzidine or 
guaiac, and is precipitated by alcholic zinc 
acetate whereas urobilin gives fluorescence with 
it.5 In the porphyrias, whether or not there is 
accompanying porphobilinogen or porphobilin, 
there is no hemoglobinemia, hemoglobinuria or 
hemosiderinuria. There may be hemolytic 
anemia in some instances of photosensitive 
or congenital porphyria, an extremely rare 
condition. '* 

Other Colors and Pigments.’ Following the 
ingestion of a large meal of beets the vegetable 
pigment from the beet is excreted in the urine 
and appears as a red color that has been con- 
fused with hemoglobin. The beet pigment does 
not react with the reagents mentioned above. 
Red color in urine may be given by phenol- 
phthalein in alkaline solution, and by congo red 
when these are used in diagnostic tests. Certain 
drugs such as antipyrine, pyridium® or santonin 
may give a pink to red color to urine. Urorosein, 
a derivative of indol, is pink to red in acid urine 
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and may occur in disease of the liver and in 
certain dietary deficiencies. In alkaptonuria, the 
homogentisic acid excreted turns black on stand- 
ing in urine and is a sign of an inborn error of 
tyrosine metabolism. Melanin pigments or 
precursors in the urine may appear brown to 


black on standing and may be a sign of presence 


of melanosarcoma. None of these substances 
reacts with benzidine or guaiac as do the heme 
pigments. 
_Hemosiderin; Methemalbumin. Hemosiderin* is 
rapidly and easily detected by ammonium sul- 
fide*:'7 or by the Prussian blue reaction.'® 
Plasma hemoglobin can be detected by inspec- 
tion and determined by the benzidine method. * 
Methemalbumin can be detected by its golden 
to brown color in plasma, can be measured as 
heme by the benzidine method and can be 
distinguished qualitatively from the various 
forms of hemoglobin by the Shumm test. * 
Summary. The finding of hemosiderinuria 
without hemoglobinuria is consistent with but 
not diagnostic of intravascular hemolysis and 
hemoglobinemia of moderate degree. Hemo- 
siderinuria may occur in hemochromatosis.*® 
Hemoglobinuria accompanied by hemosiderin- 
uria is diagnostic of hemoglobinemia of more 
marked degree. Direct observation of hemo- 
globin and methemalbumin in the plasma is 
pathognomonic of intravascular hemolysis. 


CLINICAL CONDITIONS WITH HEMOGLOBINURIA 


Hemoglobinuria from Hemolysis of Red Cells in the 
Urine. Hemolysis of red cells may occur in the 
urinary tract in patients who have hematuria 
from any cause provided the urine is of low 
specific gravity. Such hemolysis may occur in 
some instances of lower nephron nephroses or 
other hemorrhagic diseases of the lower renal 
tract. Red cells will be hemolyzed promptly in 
vivo by osmotic rupture in urine having a specific 
gravity of 1.007 or less. In this case hemolysis 
may be so complete that red cells cannot be 
detected in the voided sample and the degree of 
hemoglobinuria may be extreme, suggesting 
severe intravascular hemolysis. However, as 
shown in Table 1, if hemolysis occurs in the 
urinary tract no hemoglobin or abnormal pig- 
ments appear in the blood plasma and no hemo- 
siderin occurs in the urine. 

Hemolysis of red cells may occur outside the 
body in urine that is contaminated with blood 
after it is voided. This may give the erroneous 

* See Methods in the Appendix. 
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appearance of hemoglobinuria resulting from 
hemolysis in vivo. The common source of such 
contamination obviously is menstrual blood in 
women. So frequently are urine and menstrual 
blood mixed that it is difficult to distinguish 
readily between such conditions as hematuria 
and hemoglobinuria during the catamenia. Also, 
red cells from any source will hemolyze in 
urine that remains at room temperature. 
Hemoglobinuria with Infarction of the Kidney. 
Hemoglobinuria following infarction of the 
kidney has been reported by Libman and Fish- 
berg** in three patients with cardiac disease. In 
one instance hemoglobinuria was found to be of 
unilateral origin, coming only from the side of 
the infarct. In each of the three patients the 
hemoglobinuria was marked in degree, with 
slight hematuria. Complete infarction had 
occurred in one kidney of a patient showing 
hemoglobinuria for three days before death. 


INTRAVASCULAR HEMOLYSIS OF EXERCISE 


Strenuous Running by Athletes. In a critical 
study of athletes Gilligan, Altschule and Kater- 
sky*® showed that intravascular hemolysis 
occurred following runs of 2.6 to 26 miles. 
This was indicated by moderate degrees of 
hemoglobinemia (10 to 47 mg./100 ml. of 
plasma) in many of the runners. Hemoglobinuria 
occurred in four of twenty-two men who ran 
26 miles, the urines being brownish to deep red. 
Transient excretion of protein (other than 
hemoglobin) occurred in all instances. Formed 
elements appeared in most instances after 
marathon runs. Intravascular hemolysis after 
strenuous runs was comparable, in its apparently 
benign nature, to the proteinuria of exercise. 
No abnormality of the blood cells has been ob- 
served after the running of a marathon. 

March Hemoglobinuria. March hemoglobi- 
nuria is a form of paroxysmal hemoglobinuria 
resulting from intravascular hemolysis and 
hemoglobinemia which occurs in otherwise 
healthy young males after walking or run- 
ning.*:'!37 No anemia results from the small 
blood loss. Increases in plasma bilirubin occur 
in relation to the level of plasma hemoglobin 
which may be as high as 100 to 200 mg./100 ml. 
in some instances. The urine may be dark red 
and contain as much hemoglobin as 1.5 gm./ 
100 ml. The hemolysis occurs during exercise 
only and is produced by short brisk walks or 
fast runs in the lordotic (upright) posture.'!:*’ 
However, prolonged exercise of walking in a 
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kyphotic (bent over) posture has failed to 


produce hemoglobinuria in the same pa- 


tients.!!-37 Proteinuria occurred regularly with 
hemoglobinuria but did not occur when the 
patient was not exercising and maintained the 
lordotic position.*” Conversely, patients with 
postural proteinuria did not show hemoglobi- 
nuria on exercise in the lordotic position that 
produced the proteinuria. 

Mechanism. The same mechanism of intra- 
vascular hemolysis apparently operates in 
patients with march hemoglobinuria as occurs 
in healthy athletes after intensive and prolonged 
marches or runs.*’ It is emphasized that the 
pigment is hemoglobin from the blood and not 
myohemoglobin of muscle. No abnormalities 
have been found*’ in the red cells or in the 
patients’ sera by hemolytic tests. These two 
comparable syndromes are remarkable in that 
they represent intravascular hemolysis but are 
benign and do not produce anemia. They are 
related to exercise and to posture but not to 
demonstrable intrinsic abnormalities of the 
blood. The mechanism of this unique hemolytic 
process is unknown. 


INTRAVASCULAR HEMOLYSIS FROM HYPOTONICITY 
OF PLASMA 

Injection of Distilled Water. It has been 
demonstrated in man®! that the intravenous 
injection of 600 to 900 ml. of distilled water over 
a period up to four hours will produce hemo- 
globinemia of from 200 to 380 mg./100 ml. with 
hemoglobinuria. There were no sequelae. 

Transurethral Resection of the Prostate. Land- 
steiner and Finch®! have reported a fatal case of 
renal failure following transurethral prostatec- 
tomy and have established that hemoglobinemia 
as high as 316 mg./100 ml. of plasma may occur 
in this operation if distilled water is used to 
irrigate the site of the resection. The intra- 
vascular hemolysis was caused by the entrance 
of distilled water into the blood stream ap- 
parently by way of venous channels opened dur- 
ing the operation. 

Mechanism. In both instances distilled water 
appeared to lower the oncotic pressure of the 
plasma to a point presumably where osmotic 
rupture occurred for a small number of red cells. 
This suggests that hypotonicity may have oc- 
curred only in limited parts of the blood stream 
and did not affect the whole volume of blood 
plasma. There is no anemia accompanying this 


small amount of hemolysis. The danger resides" 
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in the possible renal complications of the 
hemoglobinuria. 


PAROXYSMAL COLD HEMOGLOBINURIA TO 
AN AUTOHEMOLYSIN; DONATH- 
LANDSTEINER REACTION 


In the rare syndrome known as 
cold hemoglobinuria (PCH) sudden attacks of 
intravascular hemolysis and hemoglobinuria are 
produced by chilling of the body.?-*-3*4 It has 
been demonstrated that the serum contains an 
autohemolysin which is not active if the blood is 
maintained at body temperature or, in most 
instances, if it is maintained at room tempera- 
ture. The patients have no difficulty at room 
temperature. However, the hemolysin sensitizes 
red cells in the presence of complement in the 
cold (at 3°c. to 5°c.) and renders them suscepti- 
ble at this stage to agglutination, by the anti- 
globulin (Coombs’) test.?:**-4° Hemolysis of the 
previously sensitized cells occurs in the presence 
of certain components of complement on 
warming, at an optimum pH of 7.0 to 8.0.?:3%-443 
This is the Donath-Landsteiner reaction which 
was described by these authors* in 1904 and has 
served as a model, with modifications, for subse- 
quent studies of this disease and of hemolysins.? 

In vivo, chilling and subsequent warming of 
an extremity of a patient may produce the fol- 
lowing manifestations: hemoglobinemia with or 
without a chill and fever; hemoglobinuria; 
marked but transient leukopenia, and erythro- 
phagocytosis in the blood stream. In typical 
instances, the plasma becomes red with hemo- 
globin levels of from 100 to 200 mg./100 ml. 
but extremely severe episodes may occur with a 
rapid and marked decrease in blood count.” 
During winter months a patient may have suffi- 
cient episodes to give moderate anemia. Occa- 
sional renal insufficiency results from paroxysms 
of hemoglobinuria.** The role of complement 
and its fractions has been studied in detail in 
these reactions by Siebens, Zinkham and 
Wagley,* by Jordan, Pillemer, Dingle,**“° by 
Jordan, Prouty, Heinle and Dingle‘! and by 
Dacie.? This subject has been reviewed by 
Dacie.? 

In fractionation of PCH serum in alcohol- 
water systems, Jordan, Pillemer andj Dingle* 
found that the PCH antibody was a water- 
soluble (pseudoglobulin), gamma globulin and 
resembled most other antibodies in this respect. 
It was heat stable at 62°c. for thirty minutes. 
Studies of sera from two patients*® showed that 
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large amounts of complement may be necessary 
in the Donath-Landsteiner reaction in both the 
cold and warm phases. Agglutination by anti- 
globulin (Coombs’) serum of erythrocytes 
sensitized in dilutions of PCH serum provided 
another measure of antibody level, the titers 
obtained being comparable to those found by 
hemolysin titration with the Donath-Land- 
steiner reaction. The PCH serum factor that 
reacts in the antiglobulin (Coombs’) test was 
identified as the PCH hemolysin. *° 

Leukopenia may occur with each episode of 
intravascular hemolysis but may not correlate 
with the severity of the paroxysm. Jordan, 
Prouty, Heinle and Dingle‘! found that neutro- 
phils and monocytes (the phagocytic cells) and 
eosinophiles were equally depressed, all decreas- 
ing from 75 to 80 per cent. The neutrophils 
recovered within two hours but the eosinophiles 
and lymphocytes remained depressed for five 
hours. When PCH serum was chilled and 
warmed with complement and homologous or 
heterologous erythrocytes and leukocytes, eryth- 
rophagocytosis occurred, reaching its maxi- 
mum at a time consistent with the development 
of leukopenia in vivo. Although PCH antibody 
was fixed to erythrocytes in the cold phase of the 
Donath-Landsteiner reaction, phagocytosis did 
not occur if complement, with attending hemoly- 
sis, was absent in the warm phase. Erythro- 
phagocytosis was also produced in vitro when 
human isoantibodies acted as either agglutinins 
or hemolysins. It is suggested that erythro- 
phagocytosis operates to remove damaged 
erythrocytes and probably promotes the trap- 
ping of leukocytes in organ capillaries.*! 

Previously the syndrome of PCH was con- 
sidered to be associated almost exclusively with 
congenital or acquired syphilis. Non-syphilitic 
cases have been observed and Dacie? suggests 
that possible false serologic tests for syphilis may 
occur in the presence of the PCH antibody. 


INTRAVASCULAR HEMOLYSIS IN TRANSFUSION 
REACTIONS 


Hemolytic transfusion reactions with intra- 
vascular hemolysis, hemoglobinemia and hemo- 
globinuria constitute the most important and 
dangerous of the syndromes that are character- 
ized by hemoglobinuria.*—'° Their importance is 
due to the large number of transfusions that are 
given and the occurrence of a small but signif- 
icant number of hemolytic reactions which can 
be fatal. The danger arises from increasing the 


degree of anemia in some patients and from the 
hazzard of developing lower nephron nephrosis 
with anuria. 

Isoantibodies. ‘The isoantibodies are those 
affecting the same (human) species as opposed 
to the heteroantibodies (for other species).* The 
isoantibodies include the naturally occurring 
blood group antibodies such as anti-A and 
anti-B. They also include immune antibodies 
(iso-immunization) to the several blood groups 
such as the ABO system, CDE/cde system, Kell, 
Duffy, Lutheran, Lewis, MNS and others.*—'® 
The immune antibodies are important in 
hemolytic transfusion reactions and in certain 
situations that cause erythroblastosis fetalis.® 

Isoagglutinins. The naturally occurring anti- 
A and anti-B isoagglutinins are found frequently 
without demonstrable hemolysins in the serum. 
It has been shown that severe hemolytic trans- 
fusion reactions may occur, however, when the 
only demonstrable abnormality is an_ isoag- 
glutinin in the serum of the recipient, that is 
incompatible for the donor’s red cells.** In this 
situation the intravascular agglutination leads to 
intravascular hemolysis, possibly by a series of 
events in which sequestration of red cells in 
certain organs may result in increase in their 
susceptibility to osmotic and mechanical rup- 
ture. **-48.54.57 Clinically, the transfusion of red 
cells that are incompatible because of isoag- 
glutination is extremely dangerous and, con- 
versely, the transfusion of plasma containing an 
incompatible and potent isoagglutinin may re- 
sult in destruction of the recipient’s red cells, 
which may occur gradually or rapidly with 
hemoglobinuria. Examples of the latter situa- 
tion have been described in the use of the group 
O, so-called dangerous universal donor, serum 
which may contain a higher titer of anti-A or 
anti-B isoantibodies including hemolysins in 
many instances. *:4¢.47* 

Isoagglutinins and Isohemolysins. Isoagglutinins 
do not require serum complement for agglutina- 
tion of red cells. Isohemolysins require serum 
complement for hemolysis and appear to be 
another action of the antibody that produces 
isoagglutination. Accordingly, if isohemolysins 
are present in the serum, isoagglutinins are 
always present. The most severe hemolytic 
reactions and those most likely to cause lower 
nephron nephrosis result from transfusion of 

*See added discu‘sion by L. E. Young in the Com- 
bined Staff Clinic, Blood Group; and Transfusion Reac- 
tions. Am. J. Med., 16: 878, 1954. 

AMERICAN JOURNAL OF MEDICINE 


4 
; 
i 


Hemoglobinuria—Ham 


incompatible red cells into a recipient who has 
incompatible isohemolysins and isoagglutinins. 
In these instances the plasma hemoglobin 
concentration may rise abruptly to extreme 
levels such as 1000 mg./100 ml. and appear deep 
red in color. Excretion of hemoglobin under 
these circumstances appears to be dangerous to 
the kidney tubules since oliguria and anuria 
occur quite often. Prevention of such dangerous 
accidents is the primary requirement and is a 
major responsibility of those giving the trans- 
fusion, because there is no immediate effective 
treatment for the kidney once the damage has 
already occurred. 

Incomplete Isoantibodies. It is well established 
that severe hemolytic transfusion reactions may 
occur in instances of immunization in which the 
isoantibody in the recipient is a so-called in- 
complete antibody.* This occurs especially in 
Rh-negative patients who develop an anti-D 
incomplete antibody, but is observed also in 
other blood groups. In this situation there may 
be no demonstrable hemolysin, and no ag- 
glutination is observed with a saline suspension of 
red cells. However, usually there will be ag- 
glutination of the incompatible red _ cells 
suspended in bovine albumin and mixed with 
the serum containing the incomplete antibody. 
Also, the indirect antiglobulin (Coombs’) test 
will indicate by agglutination that normal but 
incompatible red cells have been sensitized by 
the antibody. The mechanism of intravascular 
hemolysis of incompatible red cells as related to 
an incomplete antibody, such as anti-D, is 
unknown. Studies of comparable situations 
have been reported on dogs by Swisher and 
Young. 

Erythroblastosis Fetalis. The converse of the 
transfusion of incompatible cells occurs in 
erythroblastosis fetalis in which an incomplete 
antibody, such as anti-D, is transmitted to the 
infant’s blood stream from the immunized 
mother so that the infant’s red cells are destroyed 
at different rates but rapidly enough in some 
instances to give hemoglobinemia and marked 
methemalbuminemia.**® In this situation the 
infant’s red cells are sensitized, may agglutinate 
in bovine albumin solution, and are agglutinated 
in the direct antiglobulin (Coombs’) test. Also, 
the infant’s serum usually shows the presence 
of an excess of incomplete antibody. In essence, 
then, erythroblastosis is a “transfusion” of 
incompatible but incomplete antibodies from 
the maternal circulation to that of the infant. 
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The mother is a “dangerous’”’ donor of immune 
isoantibodies. 


INTRAVASCULAR HEMOLYSIS IN ACQUIRED 
HEMOLYTIC ANEMIA 


Serum Antibodies. A variety of autoantibodies 
has been observed in patients with acquired 
hemolytic anemia, including autoagglutinins, 
autohemolysins and incomplete antibodies, as 
indicated in Tables 1 and im. Since these anti- 
bodies affect other cells they may be called pan- 
agglutinins and panhemolysins. The various 
autoantibodies and their detection are described 
elsewhere?—**-56 and especially in the critical 
and complete reports by Dacie.?* In this group 
of patients intravascular hemolysis has been 
observed with hemoglobinuria. In milder cases 
hemoglobinemia has been observed with hemo- 
siderinuria but no hemoglobinuria.'* Hemo- 
globinuria does not occur, however, in most 
patients with acquired hemolytic anemia. The 
most constant findings include the detection 
of sensitization of red cells by the direct anti- 
globulin (Coombs’) test and the finding of 
incomplete antibodies in the serum by the 
indirect antiglobulin (Coombs’) test, using the 
patient’s serum and normal cells. In many 
patients with acquired hemolytic anemia the 
normal isoantibodies may be combined with 
one or more panagglutinins or a panhemolysin. 
Acquired hemolytic anemia may be of unknown 
or idiopathic origin or may be associated with 
lymphoma (such as Hodgkin’s disease), lym- 
phatic leukemia, sarcoidosis or disseminated 
lupus erythematosus.?:* 

Hemolysis. Panhemolysins active at body 
temperature or at an acid pH may be associated 
with severe intravascular hemolysis. The hemo- 
lysins effective in the cold (at 17°c.) differ from 
those in PCH since they hemolyze red cells in 
vitro, and presumably in vivo at cold temperature. 
The panagglutinins, effective at body tempera- 
ture and at acid pH, as well as the incomplete 
antibodies, are associated in some but not all 
patients with increases in the spheroidicity and 
in the osmotic and mechanical fragilities of red 
cells. Cold agglutinins?“ and incomplete cold 
antibodies? have been observed with hemo- 
globinuria. The mechanisms related to intra- 
vascular hemolysis of red cells may include 
direct lysis by hemolysins; increased spheroidic- 
ity possibly from intravascular agglutination and 
sequestration of cells; mechanical hemolysis 
and probably erythro- 
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phagocytosis.°* Work is in progress®® in this 
field; more information is needed on the source 
of the antibodies and the mechanism of their 
action in the destruction of red cells. 
Transfusions may be needed in the group of 
patients with acquired hemolytic anemia but the 
donor’s red cells may be found to be incompati- 


cells. The use of cortisone and adrenocortico- 
tropic hormone in these patients may be 
life-saving.* 


SPHEROIDICITY OF RED CELLS 


Increased spheroidicity of red cells is asso- 
ciated with increase in osmotic and mechanical 


TABLE II 
SCREENING TESTS IN HEMOGLOBINURIA RESULTING FROM INTRAVASCULAR HEMOLYSIS?2:?:5 


Abnormality Screening Test Condition 

Urine pigments: 

Hemoglobin Benzidine, guaiac tests Hemoglobinuria resulting from hemo- 

globinemia 
Hemosiderin Ferric sulfide test, Prussian blue re- 
action 

Plasma pigments: 

Hemoglobin and methemalbumin _| Color, benzidine dihydrochloride Hemoglobinemia 


Serum antibodies for red blood cells: 


Isoantibodies, natural and immune | Isoagglutinins and isohemolysins that | Transfusion reactions; erythroblastosis 


are specific for blood groups 
Auto-antibodies 
Panhemolysins 
111) 
Hemolysis of all red cells 
warm antibodies (37°c.) 
acidification (pH 6.7-—7.1) 
cold antibodies (17°c.) 
acidification (pH 6.5—6.8) 
Panagglutinins Agglutination of all red cells 
warm antibodies (37°c.) 
acidification (pH 6.7—7.1) 
cold agglutinins (4°-25°) 
Incomplete antibodies 
bovine albumin test 
Combinations of antibodies 
both panagglutinins or panhemoly- 
sins or both 
Red cell abnormalities: 
Spheroidicity 
fragilities 
Hemolysis in normal serum Hemolysis test in acidified serum 


Infestations with plasmodia or barto- | Morphology 
nella 


Donath-Landsteiner reaction (Table | Paroxysmal cold hemoglobinuria 


Acquired hemolytic anemia 


Acquired hemolytic anemia 


Indirect antiglobulin; (Coombs’) test; | Acquired hemolytic anemia 
Isoantibodies may be combined with | Acquired hemolytic anemia 


Increased osmotic and mechanical | Acquired hemolytic anemia; thermal 


or chemical injury to red blood cells 
Paroxysmal nocturnal hemoglobinuria 
Malaria, Oroya fever 


Sensitization of red cell with incom- | Direct antiglobulin (Coombs’) test; | Acquired hemolytic anemia 


plete antibody 


bovine albumin test 


* Hemoglobinuria does not occur in all instances when these abnormalities are detected in plasma and red cells. (See 


Table 1.) 


ble by the indirect antiglobulin (Coombs’) test 
or by the use of bovine albumin in the major 
cross match. In this situation the donor’s cells 
have a short survival, or hemolytic transfusion 
reactions may occur, presumably by the same 
hemolytic process that is destroying the patient’s 


fragility but does not result in intravascular 
hemolysis or hemoglobinuria in most instances 
of hereditary spherocytosis, sickle cell anemia, 
other hereditary defects and in many instances 
of acquired hemolytic anemia. Moderate hemo- 
globinemia and hemosiderinuria have been 
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TABLE I! 
HEMOGLOBINURIA AS A SYMPTOM OF A VARIETY OF CONDITIONS 
(The numbering system is entirely arbitrary) 
Condition Mechanism or Presumptive Cause of Hemoglobinuria Anemia 
Hematuria with hemolysis of 1. Red cells in the urine (hematuria) may be 0 
cells in the urine in the urinary tract in urine of low specific gravity (1. 
Infarction of the kidney 2. Hemoglobinuria and some hematuria may occur 0 
Intravascular hemolysis of ex-| 3. Strenuous running by trained athletes may produce hemoglobinemia 
ercise and hemoglobinuria 
4. March hemoglobinuria may occur in some individuals after a brief 
Fun or walk 
Intravascular hemolysis result- | 5. Intravenuous injection of distilled water will produce hemoglobine- 0 
ing from hypotonicity of | mia and hemoglobinuria 
6. In transurethral resection of the prostate and irrigation of the bladder 0 
with distilled water, the water may gain access to the blood plasma 
through ruptured vessels and make the plasma hypotonic 
Paroxysmal cold lobi-| 7. An autohemolysin is attached to the red cells when chilled in the | 0 to 2+ 
nuria (PCH) presence of serum complement. Hemolysis occurs on warming to room 
or body temperature with serum complement. This occurs in vitro 
(Denath-Landstelner veastion) and efter 
Hemolytic transfusion reac-| 8. Isoagglutinins without isohemolysins such as anti-A, anti-B, anti-D | 0 to 2+ 
tions may produce ysis in vivo 
9. Isohemolysins with isoagglutinins are a major cause for hemolytic | + to 3+ 
reactions 
Autohemolysins in acquired 10. Hemolysins occur which may be active at body temperature + to 4+ 
hemolytic anemia pH or in the-cold in the hemolysis of the patient’s cells poe em oe 
and normal cells ( ysin) 
Autoagglutinins and incom- 11. H lobinuria occasionally occurs in the absence of demon-| + to 3+ 
lete antibodies in acquired | strable hemolysins but in the presence of cold agglutinins, warm aggluti- 
ytic anemia nins and incomplete antibodies 
Paroxysmal nocturnal hemo- 12. Patient’s abnormal red cells are hemolyzed in vitro in the patient’s| + to 4+ 
globinuria (PNH) serum and compatible normal serum containing complement, properdin, 
Mg** and at an acid pH 
Thermal injury to red cells 13. In thermal burns the red cells which are injured by heat become + 
spheroidal and increased in susceptibility to osmotic and mechanical 
fragility 
Chemical agents acting “di-| 14. Certain chemical agents such as arsine, sulfonamides, phenyl-| + to 3+ 
rectly” on red cells hydrazine, naphthalene, quinine and certain oxidant compounds produce 
acute hemolytic anemia with spheroidicity, fragmentation and increased 
osmotic fragility of red cells 
Chemical agent acting with an| 15. In fuadin ic anemia an antibody for red cells in the serum | + to 3+ 
agglutinin combines with red cells only in the of fuadin; in vivo there is 
spheroidicity and increased osmotic fragility of red cells 
Infestation of red cells 16. covers et the sed Sy he gies: + to 4+ 
modium may be associated with 
17. In Oroya fever the red cells are infested with the Bartonella bacilli- | + to 4+ 
is; fatal hemoglobinuria may result 
Favism 18. “Sensitivity” to the fava bean may result in severe hemolytic ane- + to 4+ 
mia through an unknown mechanism 
Toxemia of pregnancy 19. Hemoglobinuria, thrombocytopenia and clotting defects of un- + 


known origin have been observed in toxemia of pregnancy 
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reported by Dacie and Dameshek'* to occur 
occasionally in the hereditary anemias. 

Thermal Injury. In severely burned patients 
hemoglobinemia and hemoglobinuria may be 
marked in degree. It has been established that 
the heating of red cells to temperatures of 51°c. 
to 65°c. causes them to subdivide and to become 
spheroidal with marked increases in osmotic 
and mechanical fragilities.°° Such cells appear to 
be destroyed intravascularly. 

Chemical Injury. Certain chemical agents are 
known to produce marked spheroidicity, in- 
creased osmotic fragility and intravascular 
hemolysis of red cells with resulting hemo- 
globinemia. The gas arsine (arseniuretted 
hydrogen) which is encountered as an industrial 
poison may cause overwhelming intravascular 
hemolysis, apparently by producing osmotic 
swelling and rupture of red cells.*' Arsine 
oxidizes the ferrous iron of hemoglobin to the 
ferric form to make methemoglobin in the intact 
red cell.* Several hours after the inhalation of a 
severely toxic amount of arsine the hemolytic 
process may begin and proceed so rapidly as to 
cause death from anemia in several hours; this is 
associated with extreme hemoglobinemia and 
hemoglobinuria. With smaller exposures the 
hemolytic process may proceed over several 
days. Arsine is encountered in industry in any 
process in which an acid and metal, either of 
which contains arsenic, are brought into contact 
with the resultant evolution of nascent hydrogen 
and arsenic to form the gas. Acute poisoning 
has occurred most frequently in chemical 
laboratories, galvanizing plants, submarines 
(storage batteries), ships carrying ferrosilicon, 
and factories that manufacture hydrogen gas 
from zinc. Arsine poisoning has been reported in 
laborers unloading fish scrap fertilizer from the 
holds of ships. * 

Phenylhydrazine and Acetylphenylhydrazine. 
These agents have been known for many years 
to produce destruction of red cells in experi- 
mental animals and have been used for con- 
trolled lowering of the red cell count in some 
cases of polycythemia in man. In large doses, 
intravascular hemolysis occurs, associated with 
the formation of Heinz-Ehrlich bodies in the red 
cells, plus a striking increase in osmotic fragility, 
and extreme hemolytic anemia.?-5® 

Naphthaline. Poisoning in children ingesting 
moth balls is reported by Zuelzer and Apt,* 
three patients developing acute hemolytic 
anemia, hemoglobinemia associated with frag- 


Hemoglobinuria—Ham 


mentation of erythrocytes, spherocytosis and 
increased osmotic fragility. The use of £- 
naphthol for the treatment of hookworm has 
produced hemoglobinuria, irregularly shaped 
red cells and severe hemolytic anemia.® Fol- 
lowing the use of some sulfonamide drugs acute 
hemolytic episodes have been observed, al- 
though rarely.*** In these instances there has 
occurred severe hemoglobinuria, rapidly devel- 
oping anemia, fragmentation, spheroidicity and 
marked increase in osmotic fragility of some 
of the red cells. In animals it has been shown that 
certain hemoglobin oxidant compounds will 
produce a similar kind of hemolytic anemia, 
such compounds as quinone-hydroquinone, 
para-aminophenol and methylene blue.*® Some 
of these substances act directly in vitro to produce 
methemoglobin in the intact red cells, as well as 


-spheroidicity and increased osmotic fragility. 


Quinine used in large dosage as an abortifacient 
has produced acute hemolytic anemia. 

Drugs and Agglutinction. Harris has demon- 
strated® that an acute hemolytic episode with 
intravascular hemolysis, hemoglobinuria and 
rapidly developing anemia occurred with sphero- 
cytosis and increased osmotic and mechanical 
fragility in a young adult receiving treatment for 
schistosomiasis with fuadin. The patient’s cells 
gave a strong direct antiglobulin (Coombs?) test. 
A factor was demonstrable in the serum of this 
patient that strongly agglutinated his own or 
normal red cells but only in the presence of 
fuadin. Other antimony compounds and cate- 
chol did not activate the agglutinin. This 
acquired hemolytic anemia appears to be 
secondary to drug administration and to require 
the drug for agglutinating activity of the 
antibody. 


PAROXYSMAL NOCTURNAL HEMOGLOBINURIA 


Clinical. Paroxysmal nocturnal hemoglobi- 
nuria (PNH) is a rare disease associated with 
chronic hemolytic anemia that may last for 
many Only rarely does the 
process subside and there is no satisfactory 
treatment. Intravascular hemolysis is continuous 
and hemosiderinuria occurs perpetually. The 
degree of hemoglobinuria varies directly with 
the level of plasma hemoglobin, which may be 
increased during sleep. As a result the patient 
may have irregular periods when hemoglobi- 
nuria occurs during sleep or on arising, with 
clearing during the day. The increase in 
hemoglobinuria may occur during sleep in the 
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day as well as during the night. This disease 
is acquired, affects both sexes, all races, and 
has been observed in children and adults. The 
anemia is macrocytic with continuing reticulo- 
cytosis and is usually associated with a moderate 
leukopenia and thrombocytopenia. Fatalities 
may result from anemia, thromboses that are 
quite common and of unknown origin, and 
occasionally from renal failure. Crosby® has 
reviewed the natural history of the disease and 
has found descriptions of at least 123 cases in 
the literature. Hinz, Hurley and Weisman’”® have 
performed autosurvival studies in three patients 
with PNH red cells tagged with Cr*! and have 
shown a double population in each. The half 
life varied from two to seventeen days in the 
three patients studied and correlated with the 
clinical severity and susceptibility of the cells to 
hemolysis in vitro. These observations confirm 
similar results by Dacie and Mollison.® 

Mechanism. The serum in this disease is 
normal and does not contain a hemolysin or 
other abnormal antibodies for normal red cells. 
It has been established that the essential abnor- 
mality resides in the red cells which are he- 
molysed at 37°c. in any compatible fresh normal 
serum or in the patient’s serum when the pH 
is adjusted to an acid level of approximately 
6.7 to 7.1. Hemolysis may be absent at pH 8.0. 
Since acidification enhances hemolysis in vitro, it 
has been suggested that increased intravascular 
hemolysis during sleep may result from carbon 
dioxide retention.?:7! 

The nature of the abnormality of the red cells 
in this disease has been studied but has not been 
defined.?-*7-72 The red cells are normal morpho- 
logically, have a normal osmotic fragility and 
gave negative results to direct antiglobulin 
(Coombs’) test. 

The mechanism of hemolysis of PNH red cells 
has been studied extensively since 1911 when 
van den Bergh described the susceptibility of the 
cells to hemolysis in serum treated with carbon 
dioxide.?:?7!_ Dacie has recently reviewed this 
field, in which several possible serum factors 
have been related to the hemolytic system.? 

It has been shown that the hemolysis of PNH 
red cells in vitro requires serum complement”® as 
well as the Mg** ion’*:?4 and an optimum acid 
pH (approximately 6.7 to 7.1). In addition it 
has been demonstrated recently by Hinz, Jordan 
and Pillemer’‘ that properdin is required in addi- 
tion to the factors mentioned. Properdin has been 
isolated by Pillemer and his colleagues”’ and was 
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found to be a normal constituent of serum with a 
molecular weight of 1,000,600. It is distinct from 
serum complement and the components of the 
clotting system but is concerned with natural 
immune activities that do not require serum 
antibodies. 

Hinz, Jordan and Pillemer’* have shown that 
serum from which properdin has been removed 
is completely inactive against PNH red cells but 
does contain the components of complement and 
is fully active in the hemolytic systems employing 
isohemolysins and the hemolysin of paroxysmal 
cold hemoglobinuria. Purified properdin restores 
the activity of properdin-free serum but pro- 
perdin itself is not hemolytic for PNH red cells. 
The lytic activity of serum parallels the pro- 
perdin titer, and sera that do not contain 
properdin fail to hemolyze PNH red cells. 
Increased hemolysis of PNH erythrocytes is 
noted on addition of thrombin, as reported 
by Crosby,* and appears to be proportional to 
the amount of properdin contained in thrombin 
preparations. 

Diagnosis. The disease begins insidiously and 
may not be diagnosed for months or years during 
which time the patient may be recognized to 
have a hemolytic anemia of undetermined 
origin. Hemoglobinuria is frequently overlooked 
2y the patient who considers the urine somewhat 
“‘dark”’ in color or, in the female, to contain 
blood from the vagina. By the time the patient 
reaches a physician the episode of hemo- 
globinuria may have passed or hematuria may 
be suspected and the patient may be cystoscoped. 
The finding of signs of hemolytic anemia, of 
hemoglobinuria, especially following sleep, or 
of continuing hemosiderinuria should raise the 
question of PNH and a screening test with 
acidified serum should be performed. Screening 
tests are available that readily distinguish PNH 
from PCH, from panhemolysins, panagglutinins 
and incomplete antibodies. 

Course of PNH. Chronicity is the rule in this 
disease, with highly variable episodes of hemo- 
globinuria or the absence of it. Often there is no 
recognizable reason for the periods with hemo- 
globinuria or their cessation. The color of the 
urine may range from completely normal to that 
of black water. In some patients extreme hemo- 
globinuria may continue steadily for days so that 
the patient requires transfusion for survival. 
The patients develop a light brownish pallor of 
the sclerae and skin during severe hemolytic 
episodes and appear dangerously ill. This color 
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is comparable to that of methemalbuminemia. 
It is remarkable that continuing low levels of 
hemoglobin such as 5 to 6 gm./100 ml. are 
compatible with a useful life in many patients. 
However, patients may die of anemia which 
can be extremely marked. As reviewed by Scott, 
Robb-Smith and Scowan”* and by Crosby,* 
other causes of death include, in particular, 
thromboses of cerebral, portal, hepatic, coro- 
nary and pulmonary vessels; pneumonia, and 
renal disease. The thromboses are of unknown 
origin. They may be recurrent, migratory, and 
associated with pain and fever so that the 
episodes may simulate peritonitis or bowel 
obstruction if involving the portal vein. There 
is marked hemosiderosis of the kidneys and of 
many other organs but without the development 
of the complications seen in hemochromatosis. 

Treatment. There is no specific treatment 
although many have been tried. The degree of 
intravascular hemolysis varies so greatly without 
therapy that the effects of treatment are most 
difficult to evaluate. Splenectomy does not 
improve the patient and carries a high mortality 
rate. Transfusion of freshly washed compatible 
red cells suspended in saline may be a life- 
saving procedure and free from hemolytic 
reaction. Usually, the donor’s red cells survive 
for a normal length of time.?:®® The use of whole 
blood with its plasma is associated with a high 
incidence of hemolytic reactions in which 
the patient’s red cells are destroyed. This is 
consistent with the theory that transfusion of the 
donor’s plasma may induce hemolysis of PNH 
cells by increasing the humoral factors necessary 
for hemolysis. In thrombotic manifestations the 
use of dicumarol is of possible value but not in all 
cases.*’ Cortisone and corticotropin’® may 
benefit the thrombotic manifestations but have, 
on the other hand, been reported as dangerous, 
being associated with increasing thrombosis and 
death.®* Steroid therapy may not offer con- 
tinuing benefit for the hemolytic process. Much 
more experience is needed before the effects of 
steroid therapy can be evaluated in the serious 
and crippling thrombotic manifestations of 
PNH..®9.70,76,78 


INFESTED RED CELLS 


Malaria; Black Water Fever.* For centuries it 
has been recognized that a dreaded complication 
of malaria is the passage of hemoglobin in such 
large amounts that the urine is black and the red 
cell count of the peripheral blood may fall to one 
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million in a period of twenty-four hours. Death 
may occur from shock, anemia or renal shut 
down; also, it is possible that increased potas- 
sium in the plasma may reach a toxic level from 
the hemolysis of red cells. The episode may be 
precipitated by the initation of treatment with 
antimalarial drugs. The attacks usually occur in 
patients with repeated episodes of malaria, 
primarily Plasmodium falciparum, occasionally 
P. vivax. The cause of the extreme degree of 
intravascular hemolysis has not been established 
in man. Shen, Fleming and Castle®® have shown, 
in the Macaca mullata monkey infected with 
Plasmodium knowlesi, that parasitized red cells 
develop increased osmotic fragility and are 
selectively destroyed in vitro by mechanical 
trauma. In this experimental situation, as in 
thermal injury to red cells, it is possible that 
spheroidicity and increased mechanical fragility 
may lead to intravascular hemolysis in the 
circulation. Whether this kind of mechanism will 
be found in human cases of malaria remains 
to be seen. 

Bartonella bacilliformis Anemia (Oroya Fever).5* 
In central zones of Peru, Colombia and Ecuador 
infection by the Bartonella bacilliformis is 
transmitted by the sand fly and may result in a 
disease that has many forms. Frequently the 
disease progresses gradually to an eruptive stage, 
known as Carrion’s disease, in which red cuta- 
neous nodules or verrugas are pathognomonic 
signs; the patient becomes immune to the 
organism and has no anemia. Bartonella bacilli- 
formis anemia (Oroya fever), however, occurs 
as an infrequent clinical form during the invasive 
period. The red cell count may fall to the level of 
one million in a few days, during a period of 
heavy infestation of the red cells with bartonella. 
The prognosis is grave during this period because 
of the anemia. 


FAVISM 


Severe intravascular hemolysis and hemo- 
globinuria may occur in children or adults who 
become sensitive to the fava or horse bean (Vicia 
fava) which is a regular article of the diet of 
Italians.27 This syndrome occurs largely in 
Italy but has been reported widely. Inhalation 
of pollen of the flowers of the bean plant by a 
person sensitized to the fava bean may produce 
the abrupt onset of a fulminating hemolytic 
episode. In other instances the response to 
ingestion of the beans by a sensitized patient 
may be delayed for many hours and may be 
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mild. It is speculated** that intravascular 
agglutination may be related to the destruction 
of the red cells in favism but the mechanism has 
not been demonstrated. 


INTRAVASCULAR HEMOLYSIS IN TOXEMIA 
OF PREGNANCY 


Pritchard, Weisman, Ratnoff and Vosburgh*? 
have described three patients with eclamptogenic 
toxemia of pregnancy complicated by hemo- 
globinemia, hemoglobinuria, thrombocytopenia 
and clotting defects. The mechanism of these 
manifestations is not known. Levels of plasma 
hemoglobin in these patients ranged from 55 to 
184 mg./100 ml., with hemoglobinuria in 
each case. There was no evidence for abnormali- 
ties of the red cells or serum when screening tests 
listed in Table 1 were carried out. 


APPENDIX—METHODS 

Determination of Hemoglobinemia.’ Principle: 
The presence of free hemoglobin in the plasma 
can be detected by the pink to red color. The 
heme pigments including various forms of 
hemoglobin and methemalbumin can be meas- 
ured with accuracy in amounts of 15 mg./ 
100 ml. by the benzidine method of Wu, as 
modified by Bing and Baker.® Since all heme 
pigments react with benzidine the determination 
is that of total hemochromogens. The different 
forms containing heme cannot be separated by 
this reaction. Reliable and reproducible reagent 
solutions of benzidine and hydrogen peroxide 
are now available. The reaction between 
benzidine, hydrogen peroxide and heme-con- 
taining pigments first produces a clear green, 
then blue, and finally a permanent violet 
color. The violet color is sufficiently developed 
after one hour for use in a colorimeter using 
standards of known concentration of hemoglobin 
that are treated in the same way. The benzidine 
reagent is prepared by dissolving 1 gm. of 
purified benzidine dihydrochloride (Merck) in 
20 ml. of glacial acetic acid, then adding 30 ml. 


of distilled water and 50 ml. of 95 per cent ethyl . 


alcohol. Slight yellow color may be disregarded. 
Hydrogen peroxide solution is made by diluting 
3 per cent stock solution of hydrogen peroxide 
with water to give a 0.6 per cent solution of 
hydrogen peroxide. Superoxol may be diluted 
to 0.6 per cent hydrogen peroxide in water. 
All solutions should be stored in dark bottles at 
icebox temperature. “The hydrogen peroxide 
should be made up fresh at least once a week and 
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the reagents should always be tested before use, 
using hemoglobin, to determine that they are 
active. 

Venous blood is collected with a syringe and 
needle rinsed three times in aqueous sodium 
chloride, 0.85 mg./100 ml. Nine parts of blood 
are added gently, with the needle removed, to 
aqueous sodium citrate, 3 gm./100 ml. Only 
those samples are examined which are obtained 
from an uncomplicated venipuncture with a 
ready flow of blood. The sample is mixed by 
gentle tilting of the tube and centrifuged 
immediately for ten minutes at 1000 r.p.m.; the 
plasma is removed with a micropipette. If all 
these precautions are taken the “normal” 
level of heme pigments in plasma is less than 
5 mg./100 ml. For estimation of hemoglobin, 
samples of plasma are diluted to a known amount 
by adding distilled water until the color is a faint 
pink. Then 1.0 ml. of the diluted plasma is 
added to 2 ml. of benzidine solution and 1.0 ml. 
of hydrogen peroxide. The color developed in 
one hour is read after dilution with 20 ml. of an 
aqueous solution of 20 per cent (by volume) of 
glacial acetic acid. To prepare a standard 
solution, a blood sample of known hemoglobin 
content is diluted to contain approximately 15 
mg. of hemoglobin per 100 ml. of distilled 
water. The color can also be measured in a 
photoelectric-cell colorimeter. 

Interpretation: Normal blood contains about 
15,000 mg. of hemoglobin per 100 ml. Ac- 
cordingly, the above precautions against hemoly- 
sis by trauma are needed to have a “blank” or 
“normal” level in plasma of only 5 mg. of 
hemoglobin or heme compounds/100 ml. Met- 
hemalbumin gives the benzidine reaction and 
may be present in concentration of 10 to 50 gm./ 
100 ml. of plasma without evidence for hemo- 
globin itself. This occurs in paroxysmal noctur- 
nal hemoglobinuria and following intravascular 
hemolysis in other conditions. The plasma 
appears golden in color. Following severe 
hemolytic episodes, such as hemolytic trans- 
fusion reactions, the hemoglobin free in the 
plasma may increase to 500 or 1000 mg./100 ml., 
giving a deep red color. Levels of 50 to 250 mg. 
of hemoglobin 100 ml. of plasma (measured 
as heme) occur frequently in paroxysmal noctur- 
nal hemoglobinuria. 

Methemalbumin 
has been confused with methemoglobin and 
sulfhemoglobin, since each has a specific spectro- 
scopic absorption in the region of 620 to 630p.*° 
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All three pigments react with benzidine. Methe- 
malbumin is distinguished from other hemo- 
globin derivatives by the Shumm test. 

Method of Shumm Test. Nine volumes of 
plasma are first covered with a layer of ether 
and then one volume of a concentrated solution 
of ammonium sulfide is run in with a pipette and 
mixed. A positive reaction is indicated by the 
appearance of a hemochromogen with a sharply 
defined band at 558y. This absorption band 
may be detected with a hand spectroscope. 

Hemosiderin. When the urine sediment, espe- 
cially renal epithelial cells, contains highly 
refractile, yellowish-brown granules, or these 
granules occur alone in the sediment, the 
presence of hemosiderin should be suspected. 

Ferric Sulfide Method. Hemosiderin can be 
demonstrated in urine by a simple technic.'® 
One drop of urine sediment from a centrifuged 
sample is placed on a glass slide and one drop of 
30 per cent aqueous ammonium sulfide is added; 
the two drops are mixed and a coverglass is 
placed over the mixture. Hemosiderin appears 
as jet black particles of variable size which may 
be found separate or included in epithelial 
cells, casts or amorphous debris. The black 
color results from the formation of ferric sulfide. 
Heme pigments do not give this result. 

Prussian Blue Urine, 15 ml. 
are centrifuged and the sediment is suspended 
in about 1 ml. of the supernatant. An equal vol- 
ume of 5 per cent hydrochloric acid is added, 
then 0.5 ml. of a 10 per cent aqueous solution of 
potassium ferrocyanide. Hemosiderin appears as 
deep blue particles in the sediment, within epi- 
thelial cells as amorphous sediment and in casts. 

Hemoglobinuria. Hemoglobin can be detected 
by the benzidine and guaiac reactions. The 
method described for hemoglobinemia may be 
used for urine hemoglobin. The salts in urine 
cause some precipitation of the benzidine 
reagent but do not interfere with urines that are 
diluted with one or two volumes of water. 
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one year old white man, a night watch- 

man, who was brought to the Barnes 
Hospital late in the evening of August 2, 1954, 
in a confused and stuporous condition. He was 
unable to relate an accurate history of his 
condition but, according to his landlady and a 
brother, he had been in good health until four 
days prior to admission. At that time he did not 
seem to be well, but offered no specific com- 
plaints. On the day before admission he devel- 
oped general malaise and anorexia. Despite 
this he went to work, on returning home com- 
plained of nausea and went to bed without 
eating. Twenty-four hours before admission he 
awoke with a shaking chill followed by high 
fever. Very shortly thereafter he developed a 
cough productive of very little sputum and 
complained of constant anterior chest pain on 
the right which was aggravated by the cough. 
Throughout the day of admission he remained 
febrile and became progressively more dyspneic. 
He also passed a total of five to seven loose 
watery stools without experiencing any cramp- 
ing abdominal pain. The progression of these 
symptoms, particularly the shortness of breath, 
caused him to be brought to the emergency 
room. 

The patient had been admitted to Barnes 
Hospital in July, 1953, because of varicose ulcers 
of both lower extremities. His past history at that 
time was not remarkable, and physical examina- 
tion and laboratory data during that hospital 
stay were notable only for the varicose ulcers, 
malum coxae senilis on the left, and calcification 
of the iliac and femoral arteries as revealed by 
roentgenogram. The ulcers were excised, the 
greater saphenous veins ligated and excised and 
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a successful skin grafting of the ulcerated areas 
was performed without event. He had been 
working steadily until August, 1954. 

Physical examination at the time of admission 
revealed the patient’s temperature to be 39°c., 
pulse 100, respiration 32 and blood pressure 
110/60. He was a slightly obese elderly white 
man who appeared critically ill and who com- 
plained of anterior chest pain on the right side. 
The skin was hot and dry, appearing dusky gray 
with a cyanotic hue. Respiration was rapid and 
labored; orthopnea was not present. No rash was 
noted, but the skin had a mottled appearance 
suggestive of livedo reticularis. The nail beds 
were cyanotic. There was no significant lym- 
phadenopathy. The pharynx was dry, reddened 
and contained small amounts of a gray mucoid 
exudate. Examination of the lungs revealed 
increased tactile fremitus in the right axilla 
and posteriorly beneath the right scapula. There 
was some dull response to percussion over the 
lower half of the right portion of the thorax 
anteriorly and posteriorly. Bronchial breathing 
sounds and fine, crackling, inspiratory rales 
were heard in the mid-portion of the right axilla. 
Many rhonchi and wheezes were heard over all 
lung fields. Examination of the heart failed to 
reveal a point of maximum impulse. The left 
border of cardiac dullness was encountered 
midway between the mid-clavicular and anterior 
axillary lines by percussion. The cardiac 
rhythm was regular with occasional premature 
contractions. The heart sounds were distant. 
No murmurs were heard. A marked paradoxical 
pulse was described. Examination of the abdo- 
men revealed liver dullness extending 4 cm. 
below the right costal margin. No muscle 
spasm or tenderness to palpation was encoun- 
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tered. Examination of the legs revealed a moder- 
ate pitting edema of the ankles with brownish 
discoloration of the overlying skin. 

The laboratory data were as follows: hemo- 
globin 10 gm. per cent; white blood cell count 
4,450 per cu. mm.; differential, stab forms 8 per 
cent, segmented forms 60 per cent, lymphocytes 
30 per cent and monocytes 2 per cent. Urinalysis 
revealed the sugar to be negative (specimen was 
squeezed from the bed sheet). Gross examination 
showed the stools to be liquid and brown; 
the guaiac test gave negative results. Blood 
chemistry: non-protein nitrogen, 38 mg. per 
cent; total proteins, 5.2 gm. per cent; albumin, 
3.6 gm. per cent; globulin, 1.6 gm. per cent; 
sodium, 134.2 mEq./L.; potassium, 2.9 mEq./L.; 
cephalin cholesterol flocculation, 2 plus; and 
thymol turbidity, 0.4 units. Electrocardiogram: 
abnormal form of ventricular complex (left 
ventricular strain or subendocardial myocardial 
injury); sinus tachycardia. An old posterior 
myocardial infarction was questioned. Venous 
pressure was 120 mm. of 5 per cent glucose. 
Gram stain of sputum showed many gram- 
positive cocci in chains; there were few gram- 
positive diplococci and few gram-negative rods. 

Throughout his stay of sixteen hours in the 
hospital the patient’s condition became pro- 
gressively worse despite the therapeutic measures 
employed. Shortly after admission cultures were 
obtained from the blood, sputum and stool; a 
mouse was also inoculated intraperitoneally 
with the patient’s sputum. The results of these 
procedures were not known at the time of the 
patient’s death. 

Therapeutic measures begun shortly after 
admission included bed rest, oxygen by nasal 
catheter and aqueous penicillin, 300,000 units 
administered intramuscularly every three hours. 
Three hours after admission the patient’s 
blood pressure fell to 80/50, and he was given a 
continuous intravenous infusion of 5 per cent 
glucose containing 4 mg. of nor-epinephrine. It 
was necessary to continue the infusion of nor- 
epinephrine in increasing amounts until the 
time of death in order to maintain the blood 
pressure at a level of 110/60. 

Nine hours after admission the patient was 
given streptomycin 0.5 gm. intramuscularly 
every six hours. Fourteen hours after admission 
the white blood cell count was 12,200; a differen- 
tial count was juveniles, 7 per cent; stab forms, 
18 per cent; segmented forms, 29 per cent; lym- 
phocytes, 33 per cent; and monocytes, 13 percent. 
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The patient remained febrile and two hours 
before his death became totally unresponsive 
with increasing cyanosis and dyspnea. He died 
quietly shortly thereafter. 


CLINICAL DISCUSSION 


Dr. W. Barry Woon, Jr.: A number of years 
ago we devised a system in which we turn over 
to the senior students who are on our medical 
wards a Clinico-pathologic Conference to have 
as their own. The faculty moves into the back- 
ground and the students come to the front. 
It’s also customary in these conferences for the 
residents to select particularly nice cases to be 
discussed by the students. The case they gave 
us today is remarkable on several counts. First, 
the history is inadequate because the patient 
came here ill in semicoma. Secondly, although 
apparently there was trouble in this patient’s 
lungs, there are no chest films available. Thirdly, 
according to protocol the house staff withheld 
all bacteriologic data in regard to the organism 
that might have been the cause of the patient’s 
illness. So we have to start, then, without this 
basic information, but I should like to point out 
that, in caring for the patient, they were in 
exactly the same position. In other words the 
doctors could obtain only the fragmentary 
history recorded; the patient was too sick to 
allow a chest film to be taken; and the bacterio- 
logic reports were not available until after the 
patient died. 

We may perhaps approach the problem of 
diagnosis in three stages. First, what was the 
general nature of the patient’s disease? Secondly, 
what anatomic sites were affected by the disease 
process? The last and most difficult stage, what 


_ was the specific etiology of the disease? Consider- 


ing the symptoms first, was this patient suffering 
from any particular disease that can be defined 
in general terms without too much detail? 
What do you think was the matter with the 
patient, Mr. Berger? ; 

Mr. MERTON BERGER: This man had a bac- 
terial infection. 

Dr. Woop: That’s exactly the kind of an 
answer we need here. Does anyone want to 
suggest anything else? 

Mr. Davin CuarkKeEs: Pulmonary infarction 
should be taken into consideration. 

Dr. Woon: All right. Any other suggestions? 

Mr. RoBerT ARNSTEIN: A myocardial infarc- 
tion may have initiated his illness. 
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Dr. Woon: In other words the patient might 
have had an acute myocardical infarction. When 
the patient first came in, the house staff was 
worried about this possibility, and they tried to 
determine whether the patient’s illness was due 
to cardiovascular disease primarily or whether it 
resulted from an acute fulminating pulmonary 
infection. Mr. Berger favors a primary infection. 
I’d like to ask whether anyone in the front row 
will defend as his first choice either of the other 
two possibilities—pulmonary infarction or coro- 
nary occlusion? 

Then you are in complete agreement that this 
is primarily an infection. Can you tell me, Mr. 
Berger, why you think this is an infection rather 
than either of the other two possibilities? 

Mr. Bercer: His febrile state, his cough and 
the watery stools characterized his illness. His 
initial leukopenia reverted to a leukocytosis. 
The chill, delirium, stupor and anemia are all 
compatible with an infection. 

Dr. Woon: Yes, one can build up a pretty 
good case for infection here, as you’ve done, and 
there are things that are absent, are there not, 
which would support some of the other possi- 
bilities mentioned? For example, congestive 
heart failure following coronary occlusion might 
be considered. If you were to consider this 
possibility seriously, what more would you like 
to have in the way of positive evidence? 

Mrs. Nina Stec: A history of previous angina 
would be helpful but, since he wasn’t able to give 
a history, we don’t know whether or not he de- 
veloped angina in the past year. During the acute 
episode he might have experienced some chest 
pain on the left side, a substernal pressing pain or 
even a type of pain resembling pleuritic pain. 

Dr. Woop: What about the electrocardio- 
gram? 

Mrs. Stec: The electrocardiographic diag- 
nosis given here was left ventricular strain with a 
possibility of a subendocardial myocardial 
injury. On the basis of the changes noted one 
couldn’t say he hadn’t had a myocardial 
infarction, but they were not what I would 
expect in such an acute episode. 

Dr. Woop: What about the venous pressure? 

Mr. Francis MIcHAEL: It was not elevated. 
No note was made as to neck vein distention, so I 
presume it wasn’t present. Did the patient have 
some emphysema? 

Dr. Woon: Yes, he did. You agree, then, that 
this probably was not.congestive heart failure 
with coronary occlusion. 
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Mr. MIcHAEL: Yes. 

Dr. Woon: Let’s move to the next question. In 
what organ does the primary difficulty lie? 

Mr. Mark SHEPPARD: The lungs. 

Dr. Woop: Do you want to be any more 
specific than that? 

Mr. SHEPPARD: I believe that this man had 
bacterial pneumonia and that on the basis of this 
diagnosis everything can be explained. 

Dr. Woon: And do you want to tell us what 
lobes are involved? 

Mr. SHEPPARD: The right middle and lower 
lobes. 

Dr. Woop: Do you agree, Mr. Mathews? 

Mr. Gitpin Matuews: The dullness is 
located over the lower half of the anterior and 
posterior chest on the right; both lobes would 
almost have to be involved to give these signs, 
but the lower lobe does sometimes extend to the 
anterior chest wall. I believe the entire process 
was in the lower lobe. 

Dr. Woon: Is it common to have a combined 
involvement of the right middle and right lower 
lobes? 

Mr. MartHews: I would think so. I can’t tell 
you for sure. 

Dr. Woon: How do the bacteria get from the 
lobe in which they start into a second lobe? 

Mr. Everett Juno: The organisms float 
through the alveoli into the larger bronchi, Dr. 
Wood, and actually come down through the air 
passages to the lower lobe. The pneumonia 
spreads until it reaches the restraining point, 
which is usually the pleura or the interlobar 
fissure. Then the bacteria are caught in the 
edema which is the exudate, and are actually 
aspirated into the lower lobe bronchus. 

Dr. Woop: What’s the evidence that Mr. 
Jung is right? 

Mr. Micuaer Freiman: The other possible 
route would be through the interlobar fissure, 
and it’s been shown rather adequately that the 
visceral pleura is a firm restraint for the pneumo- 
coccus. The only way, then, that the bacteria 
could get out into the pleural space and ulti- 
mately into the other lobe would be through a 
rupture in the visceral pleura. 

Dr. Woop: Why doesn’t a hematogenous 
spread occur? For many years it was assumed 
that it did. Do you know of any evidence that the 
infection spreads via the bronchi? 

Mr. CuHarKEs: Experimentally, in animals 
that have been infected with pneumococci so 
that pneumonia occurs in more than one lobe, 
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it has been demonstrated that on section of the 
bronchi pneumococci appear in the edema fluid. 
Coughing probably spreads them further into the 
bronchial tree and then, by the effect of gravity, 
they sink far into the alveolar in another lobe. 

Dr. Woon: Yes, in a famous experiment Dr. 
Robertson of the University of Chicago pro- 
duced pneumonia in one lobe of a dog and then, 
by tipping the animal at certain angles, he 
could cause the infected bronchial edema fluid 
to flow into one lobe or another, thereby spread- 
ing infection to any lobe he desired. It was a 
convincing demonstration of the fact that 
pneumonia, at least in a dog, can spread via the 
bronchi. Does anyone disagree, then, with the 
idea that this patient had pneumonia and that 
it was in the right lower and middle lobes? 

Mr. GLEN Kina: The patient may have had 
the entire infection in the right lower lobe and 
the lesion over the anterior portion of the chest 
could have been partially due to pleural effusion. 

Dr. Woon: Rales were heard in the anterior 
portion. I suppose they could have been trans- 
mitted but if they were right under your stetho- 
scope you’d have to say they came from that 
portion, wouldn’t you? 

Mr. Kino: Yes. 

Dr. Woop: We don’t seem to have had any 
disagreements so far. Is there any other tissue 
involved besides the lungs? 

Mr. Danie Howes: I think further along in 
the disease there probably was bacteremia. As 
to involvement of other tissues, I don’t know 
that we can say at this time what tissues other 
than the lungs were involved; however, it is not 
too uncommon to get meningitis or endo- 
carditis in the terminal stages of pneumococcal 
pneumonia. 

Dr. Woon: We have no evidence that they 
were present, do we? 

Mr. Howes: Other than the state of delirium 
that the patient displayed upon admission no 
other neurologic signs were outstanding and 
nothing points to endocarditis. 

Dr. Woon: So you would make the diagnosis 
of lobar pneumonia involving two lobes plus 
bacteremia. 

Mr. Homes: Yes. 

Dr. Woop: How do the bacteria get into the 
blood stream to cause the bacteremia? 

Mr. Kino: If bacteria are present in high 
concentrations in the alveoli, there may be 
considerable necrosis of tissue in that area, and I 
think it not unlikely that the organisms may 


enter the blood stream because of erosion of the 
vessel walls. 

Dr. Woon: So this is direct invasion by the 
pneumococcus of the alveolar capillaries. Is that 
your explanation? 

Mr. Kino: That’s mine. 

Dr. Woon: Does everybody agree with that? 

Mrs. Stec: Since the organisms can be re- 
covered from the thoracic duct, it has been sug- 
gested that they travel via lymphatics. 

Dr. Woop: Do pneumococci ordinarily pro- 
duce enough damage in a lung to eat a hole 
through a blood vessel? 

Mrs. Stec: Not ordinarily. One type of 
pneumococci may, but most types do not. 

Dr. Woop: Yes, most types don’t. The 
remarkable thing about this is that, when the 
patient recovers, the lesion is resolved com- 
pletely. It’s extraordinary how little of a scar 
remains, even when the entire lobe has been 
consolidated. What type of pneumococci will 
eat a hole in the lung? 

Mrs. Stec: Type 11 pneumococcus. 

Dr. Woop: Type 11 pneumococcus in par- 
ticular and maybe some other types will do that; 
the type m1 is certainly the worst. Dr. Loosli, 
again in Chicago, cannulated the thoracic duct 
of dogs and took simultaneous blood and thoracic 
duct cultures in experimental pneumonia. He 
found that cocci were always present in the 
thoracic duct before they appeared in the blood. 
This observation suggests the possibility that 
most of the pneumococci are emptied into the 
lymphatics and thence into the blood stream, 
rather than by direct invasion of the blood 
vessels. His experiments do not exclude the latter 
possibility, but certainly the main mechanism is 
via the lymphatics. 

Are we all agreed, then, that this patient had 

lobar pneumonia involving two lobes and a 
bacteremia? Does anybody doubt the bactere- 
mia? Let us ask why you think this patient had 
bacteremia? Is it because he died? 
Mr. Howes: Although it is recognized that 
shock occurs from a variety of causes in older ~ 
individuals, it occurs in about 15 per cent of the 
cases of pneumococcal pneumonia that progress 
to death. Bacteremia may be an important 
etiologic factor in such shock. 

Dr. Woon: So the thing that influenced you 
most in concluding that the patient had bactere- 
mia was the shock. Is that right? 

Mr. Howmes: Yes, that is certainly a strong 
point in favor of bacteremia. 
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Dr. Woop: We sometimes call it peripheral 
vascular collapse or “medical shock.’ Does 
anyone have another reason for suspecting 
bacteremia? 

Mr. Freman: The course was very rapid. 
The patient first suffered a chill and soon after 
was practically in extremis. 

Dr. Woon: How different is the prognosis if a 
patient has a positive blood culture? 

Mr. CuHarkEs: In both pneumococcal pneu- 
monia and Friedlander’s pneumonia about 80 
per cent of patients with bacteremia will die; 
however, only about 10 to 20 per cent of those 
without bacteremia will die. 

Dr. Woon: That statement is correct if you 
add “‘without modern therapy.” 

Mr. CuarKeEs: Oh yes. Those figures refer to 
untreated cases. 

Dr. Woon: Is there anything else that sug- 
gests bacteremia in this case? 

Mr. CuHarkes: The initial leukopenia is 
suggestive of bacteremia. If pneumococcal 
bacteremia is produced in an animal, there will 
be an initial adherence of leukocytes to the walls 
of the vessels and a blood count done at this time 
will indicate that leukopenia is present. Clearing 
of the bacteremia is often followed by a re- 
bound of the leukocytosis, which did_occur in 
this case. I believe bacteremia was present when 
the patient was admitted, but blood cultures 
taken at the time of the patient’s death will, I 
think, give negative results. 

Dr. Woop: Was the bacteremia cured with 
antibiotic therapy? 

Mr. Cuarkes: I believe it was. 

Dr. Woon: Now we come to the difficult part 
of our problem. We must name the etiologic 
agent. Are there suggestions? 

Mr. Arnstein: If the patient had primary 
bacterial pneumonia, the chances are ninety-five 
to ninety-eight to one that it was due to a 
pneumococcus. The second bet in fulminating 
pneumonia is Friedlander’s bacillus. As to 
primary pneumonias, I think those are the two 
choices. 

Mr. Matuews: On admission I think we 
might have accepted those figures; however, 
because of the subsequent course in this case, I 
think they must be altered. The lack of response 
to therapy suggests perhaps a 1:1 ratio. A large 
majority of Friedlander’s patients do not respond 
well to therapy, especially to penicillin. Of 
course there is also a certain small number of 
patients with pneumococcal pneumonias, espe- 
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cially in debilitated individuals, who do not 
respond to therapy. 

Dr. Woop: Mr. Mathews, you would change 
the ratio of probability then to 50:50? 

Mr. MaTuHeEws: Yes, sir. I personally would 
lean a little toward Friedlander’s diagnosis. 

Dr. Woop: Why? Just because this is a 
Clinico-pathologic Conference? 

Mr. Matuews: Not entirely. Some of the 
clinical findings apply better to Friedlander’s 
pneumonia. 

Dr. Woop: How far will you go on the 
Friedlander’s side? 

Mr. Matuews: I’d make it 80: 20. 

Mr. CwarkeEs: I agree that this course is 
much more characteristic of Friedlander’s 
pneumonia than of pneumococcal pneumonia, 
and I also would lay odds of 4: 1 on Friedlander’s 
bacillus as the etiologic agent. 

Dr. Woon: There are some very alert doctors 
on the medical service; do you think they could 
possibly have missed Friedlander’s pneumonia if 
they had any sputum to look at? 

Mr. CuarkeEs: In the sputum of Friedlander’s 
pneumonia one, of course, should see the char- 
acteristic organisms; however, a note was made 
to the effect that gram-positive cocci were seen in 
the sputum but this does not mean that they were 
necessarily of etiologic significance. This observa- 
tion may possibly have led the house officers to 
discount the presence of the gram negative 
rods. 

Dr. Woon: The point is that there were gram- 
negative rods present. 

Mr. CuHarkKeEs: Yes, there were. 

Dr. Woon: And there were also gram-positive 
diplococci which we won’t call pneumococci 
because no one has identified them except as 
gram-positive diplococci. Could you have 
looked at the gross sputum and have determined 
whether it was likely to contain Friedlander’s 
bacilli? 

Mr. Cuarkes: Characteristically the sputum 
of Friedlander’s pneumonia is described as 
being like “currant jelly” for two reasons: the 
large amount of blood which is present and the 
tenacious and glairy quality of the mucus. 
Such sputum is not common in pneumococcal 
pneumonia, except that caused by pneumo- 
coccus Type 111. 

Dr. Woop: What makes the sputum so 
viscous? 

Mr. CuarKzs: It’s due to the polysaccharide 
capsule of the organism. 
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Dr. Woop: The organism forms not only a 
polysaccharide capsule but also makes some- 
thing extra, doesn’t it? Polysaccharide is all 
through the sputum as well as in the capsule. 
Does anyone want to suggest any other possible 
etiology of the pneumonia? 

Mr. Bercer: There is another etiology sug- 
gested by the physical findings and the history of 
the patient, namely, salmonella. 

Dr. Woon: The patient had leukopenia, then 
leukocytosis, and he had diarrhea. How 
often is diarrhea encountered in Friedlander’s 
pneumonia? 

Mr. CuarKEs: It’s said to be fairly common in 
Friedlander’s pneumonia, which is a fulminating 
type of infection; it is reported to be less common 
in pneumococcal pneumonia. As a matter of fact, 
the article on pneumococcal pneumonia in 
Cecil’s textbook doesn’t mention it. Dr. Mc- 
Dermott’s article in Nelson’s looseleaf system 
of medicine, however, does mention the 
fact that diarrhea is not uncommon in Fried- 
lander’s pneumonia, but I haven’t seen it 
mentioned in the discussions of pneumococcal 
pneumonia. 

Dr. Woon: It isn’t an uncommon occur- 
rence in any acute fulminating illness that 
secondary disturbance of the gastrointestinal 
tract gives rise to nausea, vomiting, and diarrhea. 
It may, therefore, occur in acute pneumonia. On 
the other hand, its occurrence in this case 
brings to mind the suggestion of a salmonella 
infection. Now if this was a salmonella infection, 
what species of salmonella organism do you 
believe was present? 

Mr. Bercer: That’s very hard to say, 
Dr. Wood. 

Dr. Woon: Is there any particular salmonella 
organism that has a tendency to cause pneu- 
monia? Do typhoid bacilli invade the lungs? 

Mr. BERGER: Yes. 

Dr. Woop: Then we have to consider the 
typhoid bacillus. Can anyone name any other 
salmonella organisms that would be more 
likely to produce pneumonia? 

Mr. Howes: The choleraesuis organism. 

Dr. Woon: Yes, choleraesuis, or suipestifer, 
is one that not infrequently causes pneumonia. 
The clinical picture will often suggest typhoid 
fever but there will be more than the usual 
amount of involvement of the lungs. Mr. Berger, 
of the salmonella possibilities mentioned, ty- 
phoid and suipestifer, would you favor one or 
the other? 
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Mr. Bercer: I’d probably lean toward the 
choleraesuis. 

Dr. Woop: Are you willing to lean far 
enough to make that your primary diagnosis, or 
are you just bringing the point up for possible 
consideration? 

Mr. Bercer: No sir, in view of the other 
findings, I’d make this my primary diagnosis. 

Dr. Woon: That’s a very courageous diagno- 
sis and you have a great deal to substantiate it. 
Now we have two gram-negative organisms 
from which to pick: Friedlander’s bacillus and 
Salmonella suipestifer. Several of you are 
turning your backs on the pneumococcus. Will 
anybody defend the pneumococcus in this 
situation? 

Mr. Howes: I will. It is recognized that 
older individuals who do have an overwhelming 
pneumococcal infection may suffer from shock 
and die before adequate therapy can be of help 
to them. I believe there was an article in the 
American Journal of Medicine a couple of years 
ago describing approximately 900 cases of 
so-called “‘adequately treated” pneumococcal 
pneumonia; in this series 15 per cent of indi- 
viduals over sixty years of age failed to respond. 

Dr. Woop: Age makes a great deal of differ- 
ence as it does in any severe infection. Would 
it be fair to ask you to make a suggestion as to 
the type of pneumococcus you suspect or is 
that going a little too far? 

Mr. Homes: I’m afraid I can’t suggest a 
specific type. 

Dr. Woon: You'll be satisfied then if it turns 
out to be any type of pneumococcus. Would 
anyone care to name a type of pneumococcus 
in this situation that would not be purely a 
guess? 

Mr. CuHarkes: The Type 1 pneumococcus 
will frequently produce a picture like this. If 
one decides upon pneumococcal etiology in this 
case, Type m1 is the most likely type. 

Dr. Woon: Does that produce bacteremia as 
often as Type 1? 

Mr. Es: I don’t know. 

Dr. Woon: It’s interesting that it doesn’t, 
and I don’t know why. It may be because of 
the large capsule which Type m1 possesses, but 
at any rate it doesn’t invade either the blood 
stream or the pleura as readily as do some of 
the organisms with smaller capsules. Certainly 
Type i infection occurs in older people and 
it is frequently fatal. I presume you would base 
your argument on those points. 
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Mr. ArnsTEIN: I’ll defend the pneumococcus 
in the usual ratio given on the basis of the 
possibility that bacteremia was of minor sig- 
nificance in this case and that a myocardial in- 
farction was the major cause of death. 

Dr. Woop: Perhaps before we close the dis- 
cussion we should take a formal vote regarding 
the three possible etiologies of the pneumonia, 
namely, pneumococcus, Friedlander’s bacillus 
and salmonella. Let me put down for the record 
the number of people who are in favor of 
pneumococcus. There are only three. How 
many are in favor of Friedlander’s pneumonia? 
There are seven. How many are in favor of 
salmonella? Two. Before we conclude the 
discussion let’s quickly add any other accessory 
observation the pathologist is likely to show us. 

Mr. Cuarkes: In view of the history and 
the large liver I’d like to suggest that the pa- 
tient had either a fatty liver or a cirrhotic liver, 
probably an early cirrhosis. 

Dr. Woop: Cirrhosis is a possibility. Any- 
thing else? 

Mr. Ho.mes: Two outside possibilities are 
pulmonary infarction and a_ bronchogenic 
carcinoma. 

Dr. Woon: The latter -certainly should be 
mentioned. Pulmonary infection is prominent, 
and one often becomes so interested in pneu- 
monia that he forgets it may be secondary to 
carcinoma. We’ve already raised the question 
of arteriosclerotic heart disease. Why did the 
non-protein nitrogen rise to 38? 

Mr. Matuews: There could be two reasons. 
First, the patient was in shock or at least in 
early peripheral vascular collapse when he 
came to the hospital. A non-protein nitrogen 
elevation could have occurred on that basis 
due to decreased renal blood flow. Secondly, he 
was an old man. He may have had some degree 
of prostatic hypertrophy and obstruction of the 
urinary tract. 

Dr. Woon: He probably had some degree of 
“old age kidney,” too, didn’t he? Certainly 
efficiency of kidney function diminishes gradu- 
ally with age. 

We appear to be in remarkable agreement. 
Everyone seems to believe that the patient was 
suffering primarily from an infection, that it 
involved the right middle and right lower lobes 
of the lungs and that it was probably compli- 
cated by bacteremia. The difference of opinion 
concerns only the etiologic agent. The majority 


apparently favor Friedlander’s bacillus as the — 
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Causative organism; however, three students 
suspect pneumococcus and two Salmonella 
suipestifer. 

PATHOLOGIC DISCUSSION 


Dr. Daniet L. Rosenstein: The principal 
pathologic changes were present in the lungs. 
Of the other viscera the liver was enlarged, 
congested and fatty, the spleen was congested 
and the heart was enlarged to 450 gm. There 
was advanced arteriosclerosis of the left coro- 
nary artery and moderate sclerosis of the right. 
In a branch of the left circumflex portion of the 
coronary artery in the posterior wall of the left 
ventricle there was an occlusion by an old 
plaque above an area of fibrosis. 

The weight of the lungs was greatly increased. 
The right lung alone weighed 1,720 gm. and its 
lower lobe was uniformly firm and non-crepi- 
tant. Its pleura was covered with fibrin. The 
cut surface (Fig. 1) was grey and granular, and 
a seropurulent exudate was easily 
from it. The posterior portion of the upper lobe 
was similarly involved. The remainder of the 
right lung and both lobes of the left lung were 
red, moist and congested. A moderate diffuse 
emphysema was present in all lobes and gave a 
porous quality to the areas of consolidation. 
Small grey scars several millimeters in diameter 
could be seen throughout the parenchyma. The 
trachea and bronchi were filled with yellow, 
partially digested gastric contents. 

Dr. Davin E. Smitn: The bacterial cultures 
obtained during life and during the postmortem 
examination established the specific nature of 
this case of pneumonia, but before discussing 
them let us consider some of its structural 
features. The section illustrated in Figure 2 
is characterized by a scanty amount of fibrin 
in the alveolar spaces. A particularly interesting 
feature is the prominent thickening of the 
alveolar walls with intense congestion and 
eosinophilic change of the stroma suggesting 
early necrosis. Paucity of fibrin in the exudate 
and necrosis of the alveolar walls are relatively 
unusual for pneumococcal pneumonia. Conse- 
quently, a search was made for bacteria in the 
sections of this lung. Figure 3 illustrates’ the 
single type of organism that was found. It is a 
rod-shaped bacillus that gave negative results 
to Gram’s staining. 

The cultures of the sputum taken during the 
patients’ life time yielded a mixed growth in 
which one of the predominent organisms was 
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Fic. 1. Slightly. magnified view of the cut surface of the 
lower lobe of the right lung showing the porous, grey 
and hemorrhagic consolidation. 


Salmonella choleraesuis. The blood cultures also 
contained one colony of the same organism. 
After the patients’ death no organisms grew in 
cultures from the blood, but from both the right 
upper and right lower portions of the lobes of 
the lungs Salmonella choleraesuis grew in pure 
culture. Salmonella pneumonia is, therefore, the 
primary diagnosis in this case. However, there 
are many interesting contributory facts and 
observations relative to the primary disease. 
Pneumonia caused by this group of organisms 
is relatively unusual, although Salmonella 
choleraesuis is the most common salmonella 
that infects the lungs. This parenchymatous 
type of infection is different from the more 
usual syndromes of enterocolitis and salmonella 
fever that occur with infection by the various 
other salmonella. It is noteworthy that this 
third syndrome of parenchymatous infection is 
often due to the choleraesuis organism rather 
than the other types of salmonella.!:? However, 
it has often been suggested in reviews of these 
cases that there are other factors relative to the 


1Sacus, J. and Antine, W. Salmonella infection in 
man. A report of 5 cases with autopsies in 2 cases and a 


individual’s resistance that may have a great 
deal to do with the development of this unusual 
syndrome. 

In the present case the pre-existent emphy- 
sematous condition of the lungs was apparent 
in the gross specimen. Figure 4 is from a section 
of the lung in which a blood vessel has promi- 
nent intimal fibrous plaques. Such changes were 
present in arteries throughout all sections of the 
lungs. This could be dismissed as arteriosclerosis 
in such an old man except for the incidence in 
the patients’ history of varicose veins in the legs. 
From the disproportionately widespread dis- 
tribution of these lesions in the lungs it is sus- 
pected that they arose by organization of 
embolic thrombi from his legs. Although they 
are undoubtedly old lesions, they are clearly 
a second anatomic abnormality in the lung in 
which this peculiar pneumonia developed. 

The liver, too, was not normal. It was quite 
large and fat stains demonstrated many small 
droplets of fat in the cytoplasm of the cells of 
the liver. There was no significant increase of 
fibrous tissue, but many round spaces lined 
with two or three confluent hepatic cells, as is 
shown in Figure 5, were present throughout 
the sections. Sudan stains on frozen sections 
showed the fatty contents of these spaces, and it 
was also possible to recognize ceroid pigment 
around them in sections subjected to the usual 
processes of embedding in paraffin and staining 
by Oil Red O after the usual neutral fats had 
been thereby extracted. These structures have 
been called fatty cysts of the liver and they are 
interpreted as indicative of a previously more 
extensive fatty metamorphosis of the liver. A 
history of alcoholism and obesity could have 
been suspected from these anatomic changes 
alone. They are evidence, again, that this man 
was in less than a perfect state of health before 
he acquired salmonella pneumonia. 

Finally, it should be mentioned that the 
gastrointestinal tract was free of lesions and 
infection. Although the organism presumably 
enters the body through this pathway, it is 
characteristic of the parenchymal salmonella 
infections that no trace of an effect on the 
intestines is present. 

The bacteriology of the salmonella organisms 


review of the clinical aspects. Am. J. M. Sc., 208: 633- 
641, 1944, 

2 SELIGMANN, E., SapHrRA, I., Wass—ERMAN, M., Sal- 
monella infections in man. Am. J. Hyg., 38: 226-249, 
1943; J. Immunol., 54: 69-87, 1946. 
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Diarrhea, Chills, Fever, Cough and Chest Pain 


Fic. 2. Congested and necrotic alveolar walls and fibrin-poor intra-alveolar exudate in the pneu- 
monia. 

Fic. 3. Phagocytized, gram-negative, rod-shaped organisms such as were present throughout the areas 
of pneumonia. 

Fic. 4. Sclerotic intimal plaques in the pulmonary artery that were present throughout the lung 
and may have arisen by organization of embolic thrombi; these were one indication of pre-existing 
disease in the lung. 

Fic. 5. Fatty cyst in the liver indicative of previous more severe fatty metamorphosis of the liver. 
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is complicated but our knowledge of their 
various types is continually expanding. We 
would like, consequently, to ask Dr. Varney to 
comment on some phases of this subject. 

Dr. L. Varney: Salmonella cho- 
leraesuis or suipestifer was isolated in 1885 by 
Salmon and Smith and from the former’s name 
the generic term Salmonella has been given to 
an entire group of 250 to 300 related micro- 
organisms. In general, these organisms are 
differentiated today on the basis of serologic 
classification, but it is fortunate that this 
particular organism can be identified by means 
of ordinary bacteriologic as well as serologic 
technics. It is a gram-negative, rod-shaped, 
motile, non-sporulating organism which, like 
most salmonella, produces acid and gas from 
dextrose, mannitol and a number of other 
carbohydrates without fermenting lactose and 
sucrose. The distinctive characteristic which 
differentiates it from the other members of the 
salmonella group is its inability to form either 
acid or gas from the three fermentable materials 
trehalose, arabinose and inositol. The organism 
can, of course, be differentiated by means of 
serologic classification using the Kauffmann’s 
scheme. It belongs to Group C and has somatic 
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or O antigens vi and vu. In the further classi- 
fication of its flagellar or H antigens it has the 
specific, or Phase 1, c antigen and the 1,5 anti- 
gens in Phase u. The organism is, therefore, 
quite easily differentiated from all other mem- 
bers of the group. 

When the organism was first isolated it was 
considered to be the causative factor of hog 
cholera, hence the term choleraesuis or suipes- 
tifer. We now know that this is incorrect. 
Cholera of swine is a viral rather than a bac- 
terial infection. The organism is characterized 
by a somewhat higher capacity for systemic 
invasion than are other members of the salmo- 
nella group. It passes quite readily into the 
blood stream from the intestinal tract and can 
invade the heart, the lungs or the meninges. 

Final anatomic diagnosis: Salmonella pneu- 
monia of the lower lobe and of the posterior 
portion of the upper lobe of the right lung with 
emphysema of both lungs; there were sclerotic 
plaques in the small pulmonary arteries and 
fatty cysts and ceroid in the liver. 
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Case Reports 


Fatal Coma Due to Myxedema’ 


Marvin E. Levin, M.D. and H. DAuUGHADAY, M.D. 
St. Louis, Missouri 


HE development of coma in patients with 

myxedema occurs rarely without other 

ascernible cause. Even in the days prior to 
specific therapy for hypothyroidism this com- 
plication occurred infrequently. In 109 cases of 
myxedema described by the Clinical Society of 
London in 1888! there were twelve deaths; in 
only three of these was coma the terminal event. 
In the more recent literature several well 
documented cases of myxedematous coma have 
been reported.?~* These have been characterized 
by long duration of the disease, hypothermia 
and death regardless of therapy. 

In this paper the clinical and pathologic 
findings in a case of myxedematous coma are 
described and the pathogenesis of the condition 
is discussed. 


CASE REPORT 


R. P., a forty-one year old white housewife, 
entered Barnes Hospital on December 28, 1953. 
Her health had been good until the uneventful 
delivery of her second child sixteen years pre- 
viously. This child died of unknown causes after 
several days of life. During the postpartum 
period edema involving the legs and later the 
trunk, face and hands appeared without symp- 
toms suggestive of cardiac or renal disease. 
During the next four years edema was present 
intermittently despite medications of unknown 
nature prescribed by her physician. She again 
became pregnant twelve years prior to entry. 
During the course of this pregnancy there was 
marked improvement in her edema. Following 
the delivery of a normal child the edema re- 
turned, and lethargy, retarded thinking and 
progressive thickening of her skin were noted by 
her family. No medical aid was sought until 
seven years prior to entry when anemia (red cell 
count 3.1 million) was noted by a physician. 

During the seven years prior to entry edema 


* From the Department of Medicine, Washington University 


of the extremities was present constantly and 
slowness in thinking and speech progressed. 
Menstrual bleeding, which heretofore had been 
excessive, ceased three years prior to entry 
except for occasional spotting. The patient did 
not complain of cold intolerance or constipation. 
At no time was there any record of her having 
received thyroid medication. Because of gradual 
deterioration of her condition she was brought to 
the hospital. 

On admission to the hospital her temperature 
was 37°c., the pulse 96 per minute and the blood 
pressure 184/136 mm. of mercury. Generalized 
obesity was present (weight 255 pounds). The 
skin over the extremities and face was puffy, 
rough and dry. There was non-pitting edema of 
the face and hands, and pitting edema was 
present over the ankles and lower legs. The pa- 
tient’s voice was very coarse and her speech was 
slow and slurred. She exhibited marked lethargy 
and mental retardation. A few fresh hemorrhages 
were noted in the right fundus. The optic discs 
were normal. Cyanosis of the mucous membranes 
was present, and the tongue was enlarged. 
Respirations were shallow at 20 per minute, and 
there were signs of pulmonary congestion at the 
lung bases. 

Cardiac dullness was percussed 12 cm. to the 
left of the mid-sternal line. A high-pitched 
systolic murmur was heard at both the aortic 
and pulmonic areas. The abdomen was dis- 
tended and the liver was percussed 6 cm. below 
the right costal margin. The deep tendon re- 
flexes were hypoactive with a slow relaxation 
phase. The neurologic examination was other- 
wise normal. 

Examination of the blood revealed a red cell 
count of 4.46 million, hemoglobin, 14.1 gm.; 
white cell count, 8,100; differential count: 3 per 
cent non-segmented forms, 72 per cent seg- 
mented forms, 21 per cent lymphocytes, 4 per 

ity School of Medicine and Barnes Hospital, St. Louis, 
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cent monocytes. The urinalysis was not remark- 
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able. The cardiolipin was negative. 


The electrolytes in the plasma were: sodium 
147 mEq./L., potassium 4.7 mEq./L., carbon 
dioxide combining power 35 mEq./L., chloride 
104 mEq./L. The fasting blood sugar was 108 
mg. per cent and the non-protein nitrogen 


20 mg. per cent. The results of laboratory 


examinations pertaining to liver function were as 


TABLE I 


SUMMARY OF PATIENT’S HOSPITAL COURSE 


follows: total plasma proteins, 8.5 gm. per cent 
(albumin 4.8 and globulin 3.7 gm. per cent); 
alkaline phosphatase, 
cephalin cholesterol flocculation, negative; thy- 
mol turbidity, 9.4 units. 


6.4 Bodansky units; 


Hospital Day Clinical State Therapy Results of Therapy 
Fourth: 
8:00 a.m. Patient could not be aroused; Coramine,® 0.75 cc., and caf- No appreciable effect was noted 


Cheyne-Stokes respirations 
were noted with increased 
cyanosis 


feine, 7.5 gr., were given I.V. 


Noon Blood pressure fell to 100/0 mm. | Nor-epinephrine, 12 mg., in Blood pressure held at 140/90 
of mercury 1,000 cc. D/W was started mm. of mercury 
Hydrocortisone, 100 mg., was No apparent effect seen from 
given I.V. over 4 hours, and either drug 
di-thyroxine, 0.25 mg., was 
given I.V. 

3:00 p.m. Condition remained unchanged | Emerson respirator was started | Cyanosis was relieved 

5:00 p.m. Patient aroused enough to an- Penicillin, 400,000 units every 6 
swer a few questions hours and streptomycin, 0.5 

gm., every 12 hours was 
started I.M. 
Fifth: 

2:00 a.m. Blood pressure began to fall, Nor-epinephrine was increased | Blood pressure maintained at 
temperature now 36.4°c. 130/80 mm. of mercury 
rectally and pulse rate 65 per 
minute 

11:00 a.m. | Patient remained comatose Emerson respirator was used Color appeared good 

intermittently 
Dl-thyroxine, 0.2 mg., was given | No demonstrable effect obtained 
I.V. 

1:00 p.m. Lumbar puncture performed, re- 
vealing initial pressure of 430 
mm. and final pressure of 360 
mm. after 10 ml. were removed; 
spinal fluid protein 61 mg. per 
cent; no cells 

4:00 P.M. Blood pressure again began to | Nor-epinephrine was again Blood pressure maintained with 
fall; rectal temperature 36.4°c. | increased difficulty 

Cedilanid, 1.6 mg., and dl- No effect noted from medications 
thyroxine, 1 mg., were given 
I.V.; cortisone acetate, 500 mg., 
was given I.M. 
Sixth: 

8:00 a.m. Rales now present in all lung Cortisone acetate, 500 mg. I.M., | No apparent effect seen 
fields; ECG showed auricular was again given 
fibrillation and prolonged intra- 
ventricular conduction time; 
rectal temperature had fallen to 
36.2°c. 

2:00 p.m. Patient had a generalized con- 


vulsion and expired 
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| Fic. 1. Low power photomicrograph showing fibrous 
replacement of the thyroid gland. 


In evaluating thyroid function the following 
tests were performed: protein-bound iodine, 1.2 
gamma per cent; basal metabolic rate, minus 9 
per cent; plasma cholesterol, 450 mg. per cent. 

The electrocardiogram showed inverted T 
waves in leads 1, 2, AVL, Vs and Vg; sinus 
arrhythmia and low voltage were also noted. 
Venous pressure was 245 mm. of saline, and the 
circulation time was 28 seconds (arm to tongue). 
Roentgenograms of the chest showed marked 
cardiac enlargement, tortuosity of the aorta, 
pulmonary congestion and discoid atelectasis of 
the right middle lobe. The skull films revealed no 
abnormalities. 

The patient’s condition remained unchanged 
until the morning of the fourth hospital day 
when she could not be awakened and reacted 
only minimally to painful stimuli. No localizing 
neurologic signs were present. Her ensuing 
course is summarized in Table 1. 

Pathologic findings were as follows: The 
thyroid was small and fibrotic, weighing 12 mg. 
The glandular tissue of the thyroid had been 
replaced by dense connective tissue (Fig. 1), 
with scattered collections of lymphocytes except 
for a very few isolated follicles. (Fig. 2.) The 
pituitary weighed 1.7 gm. (about three times 
normal). On section many large cells of in- 
definite outline, with a few eosinophilic granules 
within a pale cytoplasm, were seen. 

The heart weighed 530 gm. and showed ad- 
vanced sclerosis of the major coronary vessels. 
Incomplete occlusion of the right coronary 
artery was noted. On microscopic examination 
the bundles of cardiac muscle were infiltrated 
with fat and were more than normally separated. 
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Fic. 2. Section of thyroid showing rare remaining 
thyroid follicles. 


Separation of the skeletal muscle fibers was 
also present and there was a loss of striations in 
certain fields. The media of the aorta showed 
chromotrophic degeneration. The lungs and 
liver were moderately congested. Sections of the 
skin demonstrated keratinization of the epi- 
dermis with atrophy of the rete pegs. 

The brain weighed 1,275 gm. The external 
surfaces showed only slight arteriosclerosis of the 
cerebral and basilar arteries. A few petechiae 
were observed in the hippocampi and pons in 
serial step sections of the brain. Histologic 
sections were prepared of the medulla, pons, 
mesencephalon, hypothalamus, thalamus, lenti- 
form nucleus, cerebellum and from the frontal, 
occipital, temporal and precentral areas of the 
cerebral cortex. Sclerosis of the smaller arteries 
and arterioles was observed in all areas. Moder- 
ate calcification was present in the walls of the 
arteries of the globus pallidus; the arteries of the 
cerebellum and frontal cortex were involved to a 
lesser degree. Despite sclerosis of the small 
arteries of the outer layers of the cerebral cortex, 
loss of nerve cells or glial reaction was not ob- 
served. The Purkinje cells of the cerebellum 
were decreased in foci, especially in the depths 
of the sulci. Gliosis and loss of neurons about 
some of the larger arteries of the globus pallidus 
was present. Extravasations of erythrocytes were 
found in the tegmentum of the pons. Beneath 
the ependyma of the hypothalamus there were a 
small number of spherical amyloid bodies which 
stained with the periodic acid-Schiff stain. 
Yellow pigment, which reacted with the periodic 
acid-Schiff stain, was found in the Jarger cortical 
neurons in amounts greater than expected in 


pes 


| 
i 
4 
| 
‘©. 
t 
4 
= 
€ 


1020 


this age group. There was slight widening of the 
perivascular and pericellular spaces but there 
was no evidence of an abnormal protein in the 
interstitial spaces. 


COMMENTS 


Memory loss, slow cerebration and confusion, 
which may progress to psychosis,® are frequent 
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The finding of an abnormal thymol turbidity 


test in this patient is of interest. Comparable 
rises of the thymol turbidity test in several other 
myxedematous patients without liver disease 
have been observed by us. (Table 1.) Moderate 
elevation of the total serum proteins occurs with 
some frequency in hypothyroidism.!?!* A de- 
crease in serum albumin and an increase in 


TABLE 11* 
Protein- Total 
iio bound Plasma Albumin/ | Cholestro! | CePhalin Thymol 
Patient ( Sex Globulin Cholestrol 
yr.) Iodine Protein tom. %) (mg. %) Fl xonall Turbidity 
(gamma %) | (gm. %) 
L. M 55 F 1.3 6.9 4.6/2.3 412 1+ 5.6 
J. A 54 |M 2.2 8.9 4.4/4.9 411 0 15.6 
E. F 40 | F 2.0 8.9 4.9/4.0 461 1+ 9.8 
E. M 40 | F 2.2 LP 4.5/2.7 272 0 6.7 
M. B 45 | F : 7.9 5.4/2.5 480 0 10.1 
A. B 40 | F 7s 5.1/2.4 263 0 7.0 


* Patients with myxedema and normal liver functions but with an elevation of the thymol turbidity (normal range 


0-5 units). 


clinical manifestations of disturbed cerebral 
function in myxedema. The presence of an ab- 
normal electroencephalogram,® decreased cere- 
bral oxygen and glucose consumption, together 
with a decrease in cerebral blood flow,’ are 
further evidences of central nervous system 
involvement in this disease. The absence of the 
thyroid hormone not only decreases the oxidative 
metabolism of the brain but also may further 
impair cerebral function by accelerating the 
development of cerebral arteriosclerosis, as in 
the present case. 

Cerebral edema, which has been reported in 
dogs following thyroidectomy* and in human 
myxedema,® may also have a detrimental 
influence. Although edema of the brain was not 
observed at autopsy in the present case, a 
disturbance of cerebrospinal fluid dynamics was 
present as evidenced by the spinal fluid pressure 
of 430 mm. Spinal fluid pressures in excess of 
200 mm. have been observed previously in 
myxedema.!1! 

Thus it appears that progression from the bare 
vegetative state of severe myxedema to coma 
and death is the result of the prolonged effects of 
multiple factors on the central nervous system. 
Coma may be precipitated by some incident such 
as an infection or, as in the present case, by the 
onset of congestive heart failure. 


beta-globulin has been observed in the electro- 
phoretic patterns of these patients.’* Such 
changes in the serum proteins and lipids may 
result in an abnormal thymol turbidity test in 
this disease. 

Replacement therapy in the present case was 
carried out with intravenous thyroxine. Because 
of its more rapid action triiodothyronine per- 
haps would have been a more efficacious agent. 
Cortisone was administered because myxedema 
may be complicated by adrenal insufficiency.'® 
The failure of the vigorous therapy employed 
in the present case is similar to the experience of 
others. It would appear that the development of 
coma in myxedema may indicate an irreversible 
alteration of brain function. 


SUMMARY 


The development of coma is reported in a 
forty-one year old woman with untreated 
myxedema of twelve years’ duration. Factors 
contributing to the comatose state in this disease 


are impaired cerebral metabolism, cerebral 


arteriosclerosis, increased cerebral spinal fluid 
pressure and a precipitating incident—in this 
case, congestive heart failure. Although coma 
is rare as a complication of myxedema, it is 
noteworthy because of its poor prognosis. An 
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elevation of thymol turbidity may occur in 
myxedema without evidence of liver disease. 
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Angiocardiographic Study of a Case of 
Double Aortic Arch without Symptoms’ 


MouaMED NaZIH ZUHDI, M.D. and HAROLD A. LYONS, M.D. 
Brooklyn, New York 


HE development of angiocardiography 
makes possible direct visualization of 
vascular anomalies. Anomalies of the 
aortic arch have been well described,'~* but 
angiocardiographic study of these anomalies has 
been infrequently reported. Except for the single 


Fic. 1. Frontal roentgenogram of the chest after barium 
swallow revealing a normally placed aortic knob and a 
right upper mediastinal mass. 


case reported by Roche, Steinberg and Robb,‘ 
there is no instance of a double aortic arch 
reported which has been studied by angio- 
cardiography. That this anomaly of the aortic 
arch should be so studied is obvious from the 
misinterpretation of the abnormal radiographic 
shadow cast by this congenital condition.‘ It 
should also be studied for the purpose of accurate 
visualization of the true relationships and course 


of the vascular channels, because without angio- 
cardiography it is often impossible to diagnose 
each variation.® 


CASE REPORT 


A fifty-six year old white male was admitted 
because of gross hematuria of one month’s 
duration. The patient had no complaints, present 
or past, referable to the cardiac, respiratory or 
gastrointestinal tract. The physical examination 
was essentially normal except for a hard nodular 
prostrate. The blood counts and blood sugar 
were within normal limits. The Wassermann 
test was negative. The electrocardiogram was 
normal. A plain frontal roentgenogram of the 
chest revealed a right upper mediastinal mass 
which was pulsating on fluoroscopy. (Figs. 1, 2 
and 3.) 

Angiocardiography was performed. The dif- 
ferent chambers of the heart and pulmonary 
vessels were visualized in due time and ap- 
peared normal. At eleven seconds the ascending 
aorta was visualized arising from the left ven- 
tricle in the normal way and proceeding upward 
to the right, filling both arches. The descending 
aorta was found to bear to the right and then 
swing back to the left and disappear below the 
diaphragm. (Fig. 4.) The left anterior oblique 
view showed the left aortic knob opacified and 
revealed that this knob caused an indentation 
of the esophagus with the convexity away from 
the midline. (Fig. 5.) 


COMMENT 


Anomalies of the development of blood vessels 
are relatively frequent.* During the first six 
weeks of fetal life six branchial arches develop 
and connect the dorsal and ventral aortas on 
each side. The first, second and fifth branchial 
arches disappear. The fourth left branchial arch 


* From the Department of Medicine, College of Medicine at New York City, State University of New York and the 
Kings County Hospital, Brooklyn, N. Y. 
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Fic. 2. Right anterior oblique view, barium swallow. 
Fic. 3. Left anterior oblique view, barium swallow. Note the persistence of the double notching of the esophagus in this 


view and in Figure 1. 


5 


Fic. 4. Postero-anterior view of the chest fifteen seconds after injecting 50 cc. of 75 per cent diodrast. 
Fic. 5. Left anterior oblique view of the chest fifteen seconds after injecting intravenously 50 cc. of 70 per cent urokon. 
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becomes the aortic arch, the ventral portions of 
the sixth arches give rise to the pulmonary 
arteries and the left dorsal one to the ductus 
arteriosus.**—* Figure 6 is a schematic presenta- 
tion of the development of the normal and 
double aortic arch. 


Double Aortic Arch—Zuhdi, Lyons 


Surgical division of the smaller side of the ring to 
relieve symptoms was first performed by Gross. '* 

The condition may be confused with aneurys- 
mal dilatation of the ascending aorta. An 
aneurysm of the ascending aorta was the 
mistaken early diagnosis of the case reported by 


6A. 6B 
Fic. 6. A, normal configuration of the aortic arch and its branches at six weeks of fetal life. B, normal configuration 
of the aortic arch and its branches at birth. C, configuration of a double aortic arch at birth. The ductus arteriosus may 
arise from either side. 


Arkin® was the first to diagnose double aortic 
arches, (six cases) with complete persistence of 
the right arch and isthmus stenosis of the left 
arch. Roche et al.‘ described the appearance by 
angiocardiography of such an anomaly. The 
course of the descending aorta is described by 
Rosler et al.,? Roche et al.‘ and Sunderling et 
al.!° Only Roche et al.‘ demonstrated it by 
direct visualization. Grob'' presented a case of 
double aortic arch studied with a barium swal- 
low, and his case seems to be most similar 
to ours. We outlined by angiocardiography a 
vascular ring composed of two well developed 
and apparently equal sized aortic knobs with a 
descending aorta bearing to the right, probably 
due in part to arteriosclerotic changes. The 
ductus arteriosus probably arises from the left 
sixth branchial arch, because it lies generally but 
not invariably in the hemithorax where the prox- 
imal part of the descending aorta is found.*:!? 

A complete double aortic arch has been dis- 
covered as an incidental finding in autopsies of 
patients above fifty years of age,‘ and in these it 
was unassociated with other cardiac anomalies. 
Our patient seems to fall into this group. At no 
time did he have any symptoms from the double 
aortic arch, nor were any other congenital 
abnormalities found. 

If the vascular ring is small, symptoms due to 
encroachment upon the esophagus and trachea 
are apt to develop within the first year of life; 
if none occur by this time they may develop in 
adult life only after atherosclerotic changes cause 
enlargement and tortuosity of the vessels. 


6C 


Roche et al.‘ Angiocardiography will help in 
the accurate diagnosis by directly visualizing 
the aortic anomaly. It will also help differen- 
tiate the aortic anomaly from non-vascular 
tumors of the mediastinum." 


SUMMARY 


A case of a complete double aortic arch is 
presented. The patient had no symptoms or 
signs referable to the anomaly. Attention is 
called to the importance of angiocardiography 
in the differential diagnosis of mediastinal 
masses and for clear delineation of a double 
aortic arch. 
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